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ABSTRACT
The objective o f the present study was to evaluate the effect o f post-block m ouse
and bovine em bryos on the developm ent o f pre-block embryos around the in vitro
developm ental block stage. The effect o f the post-block em bryos on the developm ent o f
the pre-block em bryos was evaluated in culture, in chimeras and in cytoplasmic hybrid
em bryos.

The results indicate that post-block embryos were able to stim ulate the

developm ent o f the pre-block embryos in culture.

The stim ulatory effect o f the

post-block m ouse and bovine embryos was found not to be species-specific and was
synergistic with that o f bovine granulosa cells.

Chimeric parthenogenetic bovine

em bryos were used as a model to study the role o f the blastomeric interaction in the
developm ent o f the pre-block bovine embryos.

The developm ent o f the pre-block

parthenogenetic bovine embryos was significantly improved when fertilized bovine
blastom eres were injected into the parthenogenetic bovine embryos. The degree o f the
stim ulatory effect o f the fertilized blastomeres was found to be positively related to the
num ber o f the fertilized blastomeres in the chimeric embryos. Cytoplasm o f m ouse or
bovine embryos was introduced into m ouse pronuclear embryos by m icrom anipulation
and electrofusion to evaluate the role o f embryonic cytoplasm during preim plantation
developm ent. It was found that pre-block bovine cytoplasm was inhibitory while bovine
cytoplasm at the in vitro developmental block stage was stim ulatory to the in vitro
developm ent o f m ouse pronuclear embryos. The pre-block bovine cytoplasm was also
inhibitory to the in vivo developm ent o f mouse pronuclear embryos. On the basis o f the
results in the present study it was proposed that the em bryonic cytoplasm contains

x

inhibitory factor(s) before the in vitro developmental block stage, preventing the
pre-block embryos to develop through the in vitro developmental block stage.

The

inhibitory factor degrades before the in vitro developmental block stage, allow ing the
developm ent o f the m am m alian embryos through the in vitro developm ental block. The
autocrine/paracrine activity and the blastomeric interaction within the em bryos are
capable o f stim ulating the developm ent o f the pre-block embryos through the in vitro
developm ental block stage.

INTRODUCTION
Since the beginning o f in vitro culture o f m am malian preim plantation embryos,
the in vitro developm ental block has been a mystery for em bryologists. This in vitro
developm ental block refers to a phenomenon in which the early stage m am m alian
em bryos cease cell division and then degenerate at a specific stage in vitro. The stage at
which the m am m alian preim plantation embryos cease developm ent is species specific.
This block occurs at 2-cell stage in mouse embryos (Hammond, 1949), 2 and 8-cell stage
in ham ster em bryos (W hittingham and Bavister, 1974), 4-cell stage in porcine embryos
(Davis and Day, 1978), 8 to 16-cell stage in bovine and ovine embryos (W intenberger et
al., 1953; Pincus, 1951), and m orula stage in rabbit embryos (Lewis, 1929). Stim ulating
the developm ent o f the m am m alian preim plantation embryos through this in vitro
developm ental block has been a priority o f embryologists.
The m echanism o f the in vitro developmental block in m am m alian em bryos is
poorly understood. It has been proposed that the in vitro developm ental block may be
related to the levels o f glucose, phosphate and/or free radicals in the culture
environm ent.

Removal o f these individual components from the culture medium

enables m am m alian embryos to overcome the in vitro developm ental block (Loutradis et
al., 1987; Gardner and Leese, 1988; Chatot et al., 1990; Leese, 1991; N oda et al., 1991).
The lack o f maternal growth factors in the culture medium has also been proposed to be
the cause o f the in vitro developmental block.

The improved embryo developm ent

through the in vitro developm ental block in co-culture using female reproductive tract
cells strongly suggests that the factors produced by the cells in the reproductive tracts are

im portant for the developm ent o f the m am malian em bryos through the in vitro
developm ental block stage. Embryonic cytoplasm has also been shown to be related with
the

in

vitro

developm ental

block.

An experiment by

M uggleton-H arris and

W hittingham (1982) dem onstrated that the m icroinjection o f early em bryo hom ogenate
enabled the 2-cell m ouse embryos to overcom e the in vitro developm ental block. There
is also evidence that the in vitro developmental block is coincident with the degradation
o f maternal substance(s) in the embryonic cytoplasm, in addition to the activation o f the
em bryonic genome.
I believe that the in vitro developmental block is related to a maternal
substance(s) in the em bryonic cytoplasm. The changes in this substance(s) prior to and
during the in vitro developm ental block stage enable the m am m alian em bryos to pass
through the in vitro developm ental block. The in vitro culture environm ent interferes
with these changes resulting in the in vitro developmental block.

The autocrine or

paracrine activity o f the blastomeres and/or the blastomeric interaction between
individual blastom eres within developing embryos facilitates the changes o f this
substance(s), allowing the developm ent o f m am malian em bryos through the in vitro
developm ental block.
Thus, the objectives o f this dissertation research are: (1) to evaluate the effect o f
post-block m ouse and bovine embryos on the developm ent o f pre-block em bryos in
culture, (2) to evaluate the species specificity o f the effect o f the post-block embryos,
(3) to evaluate the effect o f blastomeric interaction within em bryos on the developm ent
o f the pre-block em bryos in aggregated embryos or chimeras, and (4) to evaluate the

effect o f em bryonic cytoplasm o f different preim plantation stages on the developm ent o f
the pre-block embryos.

The first chapter o f this dissertation is the review o f the

pertinent literature. The second and third chapters detail the effects o f the post-block
m ouse and bovine embryos on the developm ent o f pre-block bovine em bryos in culture.
The fourth chapter reports the effect o f the post-block mouse and bovine embryos on the
developm ent o f pre-block embryos in aggregated embryos and the improved viability o f
the pre-block bovine parthenogenetic embryos injected in v/Yro-matured and in
v/Vro-fertilized bovine blastomeres. The fifth chapter reports the effect o f the post-block
m ouse and bovine embryonic cytoplasm on the developm ent o f m ouse pronuclear
em bryos through the in vitro developm ental block. Finally, the last chapter sum m arizes
all the experim ents and presents the discussion and suggestions for further study.

CHAPTER I
LITERATURE REVIEW
IN VITRO D EVELO PM ENT OF M AM M ALIAN EM BRYOS

Background of Mammalian Embryo Culture
The fertilization and developm ent o f m am m alian embryos takes place inside the
reproductive tract o f m ost m am m alian females. This phenom enon has been the object o f
hum an curiosity for centuries.

To fulfill the hum an curiosity, researchers have been

trying to develop a culture system to m aintain and study the m am m alian em bryos in
vitro for nearly a century.
Early in this century, Brachet (1912) cultured rabbit blastocysts in plasm a clots
in a glass dish and noted the developm ent o f the prim itive groove and rudim entary
placental structure in the rabbit embryos. Lewis and Gregry (1929) cultured 1-cell rabbit
em bryos in blood plasm a, w ith some o f the 1-cell rabbit embryos developing to the
8-cell stage within 48 hours.

Carrel (1913) noted that the extracts o f chick embryos

stim ulated the developm ent o f m am malian tissues maintained in vitro. Pincus (1930)
then cultured 2 to 4-cell rabbit embryos in a saline solution supplem ented with rabbit
plasm a, chick plasm a, rabbit embryo extracts and chick embryo extracts. Again, some
o f the rabbit embryos cultured in this medium developed to m orula stage during the
culture.

W addington and W aterman (1933) also cultured prim itive streak stage rabbit

em bryos in m edium supplem ented with chick plasm a and chick embryo extracts, with
some o f the rabbit em bryos showing signs o f morphological differentiation.

4

Ham m ond (1949) was the first to culture early preim plantation em bryos in a
saline solution supplem ented with egg white and yolk. Some o f the 8-cell, but not the
2-cell m ouse embryos developed to blastocyst stage in vitro.

The same year, Chang

(1949) used heat-inactivated serum in the culture system for the m am m alian em bryos in
an effort to improve embryo developm ent.
W hitten (1956) first replaced physiological saline solution with a bicarbonatebuffered Kreb's solution and found that 8-cell mouse embryos could develop to
blastocysts when cultured in Kreb's solution supplemented w ith 1% egg white, but not
in Kreb's solution alone. It was also noted that crystalline bovine serum album in had the
same effect as the egg white in supporting the in vitro developm ent o f 8-cell m ouse
embryos.

It was reported that 2-cell m ouse embryos also developed to blastocysts if

lactate was added to Kreb's solution (W hitten, 1957).

M cLaren and Biggers (1958)

cultured 8 to 16-cell m ouse em bryos in W hitten's medium for 2 days and noted that
m ouse the embryos developed to blastocysts. Transfer o f these cultured blastocysts into
foster m others resulted in live birth. This was reported as the first critical test for the
viability o f the m am m alian embryos cultured in vitro.
Based on the culture m ethods o f Lw off et al. (1955), Brinster (1963) and
Gwatkin (1963) developed a culture system where embryos were cultured in droplets o f
culture medium covered with light-weight liquid paraffin in 5% C 0 2 in an atm osphere o f
air. This culture system greatly facilitated the handling and observation o f the em bryos
cultured in vitro.

Brinster (1965a, 1965b) studied the effect and interaction o f energy sources for
the in vitro developm ent o f 2-cell m ouse embryos.

He noted that only pyruvate,

phosphoenolpyruvate and oxaloacetate could replace lactate to prom ote the developm ent
o f 2-cell m ouse embryos.

It was also found that pyruvate and lactate acted

synergistically at low concentration in supporting the developm ent o f 2-cell mouse
embryos. Furthermore, glucose had no beneficial effect on developm ent o f 2-cell mouse
em bryos when employed w ith the optimum concentration o f pyruvate.

It was later

found that glucose as the sole energy source was unable to support the developm ent o f
m ouse em bryos until 4 to 8-cell stage (Brinster and Thom son, 1966) but it was needed
for blastocyst hatching (W ordinger and Brinster, 1976).
Early studies on culturing early-stage bovine embryos in vitro had very limited
success, with none o f the embryos developing beyond the 24-cell stage (Pincus, 1951;
Hafez et cil., 1963; Thibault, 1966; Sreenan et al., 1968; Onum a and Foote, 1969; Restall
and W ales, 1966).
Restall and W ales (1966) analyzed the composition o f sheep oviduct fluid.
Sodium was found to be the m ain cation and chloride the m ain anion present in the
sheep oviductal fluid along with small amounts o f potassium , m agnesium , calcium,
phosphate and bicarbonate. Glucose could not be detected in the sheep oviductal fluid.
A culture medium called synthetic oviduct fluid (SOF) was designed based on this
analysis o f ovine oviductal fluid. Tervit et al. (1972) cultured bovine and ovine embryos
in this SOF medium and reported the developm ent o f 1 to 8-cell bovine and ovine
embryos to m orula and blastocyst stages and a high embryo survival after the transfer o f

the cultured em bryos to recipient females.

Live births were obtained from ovine

em bryos cultured in SOF m edium for up to 6 days (Tervit and Rowson, 1974).

In Vitro Developmental Block
Since the beginning o f the in vitro culture o f m am m alian preim plantation em bryos
it has been noted that a m ajority o f m am m alian embryos ceased division and then
degenerated at a specific stage.

The stage at which the m am m alian preim plantation

em bryos cease developm ent has been shown to be species-specific. This phenom enon is
called in vitro developm ental block.
In the late 1940's, Ham mond (1949) noted that 8-cell m ouse em bryos could
develop to blastocyst stage when cultured in a saline solution supplem ented w ith egg
w hite and yolk, but 2-cell m ouse embryos were unable to develop in the sam e solution.
Cole and Paul (1965) noted that 1-cell m ouse embryos could develop to 2-cell stage in
vitro, but these 2-cell m ouse embryos failed to undergo further developm ent and then
degenerated. It was also noted that the early 2-cell mouse embryos failed to develop in
the in vitro culture condition in which the late 2-cell m ouse embryos could develop to
blastocyst stage (W hitten, 1956; Biggers et al., 1962).
It seem ed that the inability o f the 2-cell m ouse embryos to develop in vitro was
the result o f the lack o f factors produced by the oviducts. The placem ent o f 1-cell mouse
em bryos inside the lumen o f m ouse oviducts m aintained in organ culture enabled the
m ouse embryos to develop to blastocysts (Biggers et al., 1962).

W hittingham and

Biggers (1967) cultured 1-cell m ouse embryos in a simple medium containing lactate
and pyruvate and the 1-cell m ouse embryos cleaved into 2 cells. These 2-cell em bryos

were able to develop to blastocyst stage after they were placed into the am pullary region
o f m ouse oviducts m aintained in organ culture in vitro.

The cultured blastocysts

produced live births after transfer into recipient mice.
It was also found that the in vitro developmental capacity o f the m ouse embryos
was dependent on the origin o f mice and that the 1-cell stage em bryos from som e strains
o f mice were able to develop to blastocysts in vitro (Biggers et al., 1967; W hitten and
Biggers, 1968).
In vitro developmental block not only exists in m ouse preim plantation embryos.
Ham ster 1-cell em bryos readily complete the first division in vitro but rarely accom plish
the second division (W hittingham and Bavister, 1974). It has been reported that ham ster
em bryos also have an in vitro developmental block at the 8-cell stage (B avister et al.,
1983; Bavister, 1987). The in vitro developmental block is at the 4 to 8-cell stage in rat
em bryos (Bavister, 1988 ; M arkert, 1984), at the morula stage in cat em bryos (Johnson
et al., 1991) and rabbit embryos (Lewis, 1929; Kane & Foote, 1970; Kane, 1987), the
4-cell stage in pig embryos (Davis and Day, 1978) and the 8 to 16-cell stage in sheep
em bryos (W intenberger et al., 1953; Gandolfi and Moor, 1987) and bovine em bryos
(Pincus, 1951; Hafez et al., 1963; Thibault, 1966; Sreenan et al., 1968; O num a and
Foote, 1969). The bovine embryos blocked at 8 to 16-cell stage in vitro are unable to
undergo further developm ent even when transferred back into the in vivo environm ent
(Eyestone and First, 1986). There is no reported in vitro developm ental block in hum an
em bryos (Edwards et al., 1981) and there are no data available for the in vitro
developm ental block in horse preim plantation embryos.

The stage o f the in vitro developmental block in m am m alian em bryos is
coincidental with the stage o f depletion o f maternal substance(s) and the activation o f
em bryonic genom e (M agnuson and Epstein, 1987).

The degradation o f the maternal

substance and the activation o f the embryonic genome was found to occur at the 2-cell
stage in m ouse embryos. Bachvarova and De Leon (1982) labeled the m ouse oocytes
during grow th phase with 3H-uridine and then followed the distribution o f the labeled
RN A in the m ouse embryos during the preim plantation stage. The am ount o f maternal
mRNA in the m ouse oocytes was 5 to 8% o f the total oocyte RNA. Labeled mRNA
declined by 40% on the first day, was stable on the second day and declined by
additional 30% on the third day o f development. By using 3H-poly (U) hybridization
m ethod, Pilco and Clegg (1982) studied the total poly (A) content in m ouse em bryos at
different preim plantation stages.

The poly (A) content was .7 pg for the unfertilized

oocytes and .83 pg for the 1-cell embryos. The poly (A) content dropped sharply to .26
pg by the late 2-cell stage and then increased to .44 pg at 8 to 16-cell stage and 1.42 pg
in the early blastocysts.

The results suggested that the bulk o f m aternal m RNA was

elim inated by the late 2-cell stage during embryo development.
The analysis o f RNA synthesis indicates that the embryonic genome is activated
at the 2-cell stage (W oodland and Graham, 1969). Only very small am ount o f RNA
synthesis was detected at the 2-cell stage in the mouse em bryos by using 3H-uridine
labeling. The RNA synthesis then increased at the 4-cell stage. It was estim ated that the
overall increase in RNA synthesis per cell between the 2-cell and 4-cell stage in m ouse
em bryos was 5 to 10 folds.

Using 3H-adenosine labeling, Clegg and Piko (1983)
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determined the rate o f RNA synthesis was 1.5 pg per embryo per hour in the 1-cell
m ouse em bryos and 3 pg per embryo per hour in the 2-cell m ouse embryos. Similarly,
Bernstein and M ukherjee (1972, 1973) noted that there was little RNA synthesis in
2-cell mouse blastomeres, but a significant increase in the RN A synthesis in the 4-cell
stage blastomeres.
Protein synthesis during preim plantation also indicates that the embryonic
genom e is activated at the 2-cell stage. Van Blerkom and Brockway (1975) analyzed
the qualitative patterns o f protein

synthesis in the m ouse em bryos by

•” S-methionine and SDS-polyacrylam ide gel electrophoresis.

using

It was noted that the

pattern o f protein synthesis in the 1-cell mouse em bryos was sim ilar to that o f the
unfertilized oocytes. New protein bands appeared at the 2-cell stage and continued to
the 8-cell stage. The pattern o f protein synthesis rem ained unchanged from the 8-cell
stage to the blastocyst stage.
Howe and Solter (1979) analyzed the synthesis patterns o f cytoplasm ic and
nuclear proteins in m ouse embryos at different preim plantation stages by using
two-dim ensional polyacrylam ide gel electrophoresis and noted the disappearance o f
num erous oocyte-specific proteins and the appearance o f a' large num ber o f new proteins
betw een the zygote and the 8-cell stage. Between the 8-cell stage and early blastocyst
stage, the patterns changed very little. The patterns o f cytoplasm ic and nuclear protein
synthesis were found to be similar.
Increased protein synthesis in the 2-cell m ouse em bryos was thought to originate
either from the maternal m RNA or from newly transcripted m RNA from em bryonic
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genes. By using 35S-m ethionine labeling and two-dim ensional electrophoresis, Braude et
al. (1979) noted increased synthesis o f three polypepetides o f 35,000 m olecular weight
at the early 2-cell stage in the m ouse embryos. Furthermore, a-am anitin, an inhibitor o f
RNA polym erase II, did not prevent the appearance o f these proteins at the early 2-cell
stage. It was proposed that these three proteins were translated from the m aternal RNA
deposited in the ooplasm o f the oocytes before fertilization.
By using the same 35S-methionine labeling technique and two-dim ensional
electrophoresis methods, Flach et al. (1982) noted the appearance o f proteins o f 70,000
m olecular weight (70k protein) in 2-cell mouse embryos. Prevention o f the appearance
o f the 70k proteins at the 2-cell stage by a-am anitin indicates that the synthesis o f those
70k proteins depends on the transcription from the em bryonic genome. Bensaude et al.
(1983) isolated the 70k proteins expressed at the 2-cell m ouse embryos and subjected
this group o f proteins to limited proteolysis.

The comparison o f the peptide patterns

created by the lim ited proteolysis indicated that the 70k proteins in the 2-cell stage
m ouse em bryos corresponded to a group o f heat shock proteins HSP-68 and HSP-70
synthesized in F9 teratocarcinom a cells after exposure to sodium arsenite.
Bolton et al. (1984) studied the relationship between cytokinesis, DNA
replication and a-am anitin-sensitive protein synthesis activity in the m ouse em bryos
synchronized to the first cleavage division. It was noted that DNA replication occurred
1 to 5.5 hours after the first cleavage division. The a-am anitin-sensitive transcription
took place before or im m ediately after DNA replication and translation took place within
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3 to 4 hours.

Inhibition o f the a-am anitin-sensitive protein synthesis did not prevent

either DNA replication or the disappearance o f the m aternal m RNA at the 2-cell stage.
The activation o f the em bryonic genom e in bovine em bryos was also show n to
be at the same stage as the in vitro developm ental block.

Frei et al. (1989) cultured

bovine embryos in medium with 35S-methionine and then analyzed the protein synthesis
by using one-dim ensional electrophoresis.

It was noted that there was a gradual

decrease in the rate o f protein synthesis from oocytes to 8-cell stage, and then a
progressive increase in the rate o f protein synthesis from 8-cell to blastocyst stage.
Incorporation o f 3H-uridine into RNA in the bovine em bryos was first detected at 16-cell
stage. King et al. (1989) reported that bovine em bryos began to synthesize ribosom al
RNA (rRNA) at 8-cell stage.
A num ber o f factors apparently affect the in vitro developm ental block in
mammals.

Am ong them are glucose, glutam ine and free radicals ( Loutradis et al.,

1987; Gardner and Leese, 1988; Chatot et al., 1990; Leese, 1991; N oda et al., 1991).
The utilization and m etabolism o f glucose increases m arkedly after the em bryonic
genome is activated in m ouse embryos (O'Fallon and W right, 1986; W ales, 1986;
Gardner and Leese, 1988), in pig embryos (Flood and W iebold, 1988), in sheep em bryos
(Thom pson et al., 1991), in bovine em bryos (Javed and W right, 1991; Tiffin et al.,
1991) and in hum an embryos (W ales et al., 1987; Gott et al., 1990). The uptake o f
glucose by m ouse (Gardner and Leese, 1987), sheep (Thom posn et al., 1991) and bovine
embryos (Renard et al., 1980) in vitro is directly related to their viability after transfer to
recipients. However, glucose has been shown to cause the in vitro developm ental block

in m ouse (Chatot et al., 1989; Downs and Dow, 1991), ham ster (Schini and Bavister,
1988) and bovine em bryos (Ellington et al., 1989). The inhibited 6-phosphofructokinase
(PFK) activity in the early preim plantation mouse em bryos has been proposed to be the
cause o f low glucose utilization (Barbehenn et al., 1974, 1978; Chi et al., 1988) before
the 8-cell stage.

The abnormal accum ulation o f glycogen caused by inhibited

glucose-6-phosphate isom erase activity is suggested to be related with the in vitro
developm ental block in mice (Stem and Biggers, 1968; Bavister, 1987).
In contrast to glucose utilization, glutamine has been shown to facilitate the
developm ent o f m ouse (Chatot et al., 1989), hamster (Bavister, 1987) and pig embryos
(Bavister, 1990) through the in vitro developm ental block. The glutam ine m etabolism is
high at the 2-cell stage in m ouse embryos and then declines m arkedly at 8-cell stage
(Chatot et al., 1990). Glutam ine m etabolism is also high at the 2 to 4-cell stage in the
bovine em bryos but then declines at the morula and blastocyst stage (Tiffin et al., 1991).
M am m alian em bryos develop better when cultured in an atm osphere o f 5% 0 2
(approxim ately the same oxygen tension inside the fem ale reproductive tract) than in the
air containing 20% 0 2 (Kaye, 1986; Bavister, 1987; W right Jr. and O'Fallon, 1987;
Khurana and W ales, 1989). The presence o f superoxides or hypoxanthine in the medium
enforces the in vitro developm ental block (Iannaccone, 1986; Loutradis et al., 1987) and
the addition o f superoxide dism utase to the medium reduces the in vitro developm ental
block in mice (Noda et al., 1991).
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Co-Culture of Mammalian Embryos with Somatic Cells
To circum vent the in vitro developm ental block o f the preim plantation
m am m alian embryos, a num ber o f culture systems have been devised to m im ic the in
vivo environm ent.

Culturing the m am malian embryos with som atic cells from the

female reproductive tracts is one o f the m ost efficient and widely used m ethods to
improve the in vitro developm ent o f m am m alian preim plantation em bryos at present.
Cole and Paul (1965) were the first to use somatic cells for the culture o f m am m alian
embryos. They cultured m ouse embryos on a feeder layer o f irradiated Hela cells and
noted that the Hela cell m onolayer was able to stim ulate the developm ent o f the m ouse
embryos. Since then a vast num ber o f embryo co-culture studies have been published.
The co-culture m ethods can be divided into five groups according to the cell types used.
These are 1) trophoblastic vesicle co-culture, 2) oviduct cell co-culture, 3) uterine cell
co-culture, 4) granulosa cell co-culture and 5) chick embryo co-culture.
Trophoblastic Vesicle Co-Culture
In the early 1980's Cam ous et al. (1984) developed a unique em bryo co-culture
system by using trophoblastic vesicles derived from bovine fetuses. A bovine conceptus
at d a y -12 to 14 o f gestation was collected and the trophectoderm o f the bovine fetus was
sectioned into pieces. These trophectoderm segments were then cultured in vitro for 1 or
2 days to form trophoblastic vesicles, the 1 to 8-cell bovine em bryos were then cultured
w ith these trophoblastic vesicles for 3 to 4 days in M enezo B2 m edium. Significantly
more bovine em bryos reached m orula stage when cultured with trophoblastic vesicles
than those cultured in m edium alone. Heyman et al. (1987a) also cultured 1 to 8-cell
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bovine

em bryos

w ith

bovine

trophoblastic

vesicles.

W hen

co-cultured

with

trophoblastic vesicles, 46% o f the bovine embryos developed beyond 16-cell stage,
com pared w ith only 18% o f those cultured in m edium alone.

The same stim ulatory

effect on the developm ent o f 1-cell ovine em bryos was noted with d ay -12 ovine
trophoblastic vesicles.

W hen cultured with ovine trophoblastic vesicles, 75% o f the

1-cell sheep em bryos reached m orula stage com pared with only 35% o f those cultured in
m edium alone. M edium conditioned by the trophoblastic vesicles was found to have the
same effect as the trophoblastic vesicles.
To study the nature o f the stim ulatory effect o f the trophoblastic vesicles, the
conditioned m edium was separated into two portions o f low m olecular w eight (180 to
2,500 dalton) and high m olecular weight (>10 kilodalton) by m em brane filtration and
Sephadex gel filtration.

Only the section containing the low m olecular weight

com ponents retained the activity. It was suggested that the trophoblastic vesicles secrete
m etabolic substrate into the m edium that is beneficial to the em bryo developm ent
(Cam ous et al., 1984; Heym an and M enezo, 1987). Bovine trophoblastic vesicles were
also found to increase the survival rate o f the frozen-thawed bovine blastocysts when
transferred together w ith the frozen-thawed blastocysts into recipient cows (Heym an et
al., 1987b). The effect o f trophoblastic vesicles was related to the day o f gestation the
trophectoderm was collected.
Rexroad and Powell (1988) reported no beneficial effect o f ovine trophoblastic
vesicles at d ay -14 o f gestation on the developm ent o f 1-cell ovine embryos. W hen Pool
et al. (1988) placed bovine em bryos inside the cavity o f bovine trophoblastic vesicles in
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an effort to improve the efficiency o f trophoblastic vesicle co-culture, they noted that
few er grade 1 and 2 bovine embryos were resulted compared w ith the em bryos cultured
outside o f the trophoblastic vesicles.
Oviduct Cell Co-Culture
Early stage m am m alian preim plantation embryos develop inside the female
oviducts.

Hence, it seems logical to culture the preim plantation m am m alian embryos

with oviduct cells (Bavister 1988).

The first encouraging result o f oviduct cell

co-culture cam e from Biggers et al. (1962), who cultured 1-cell m ouse em bryos from a
random bred Swiss strain o f mice inside the lumen o f mouse oviducts m aintained in
organ culture in vitro in a chemically defined medium. After 4 days o f culture, 69 o f
106 (65% ) 1-cell m ouse embryos reached blastocyst stage compared with only 1% in the
controls.

Some o f the blastocysts developed to term after they were transferred into

recipient mice. The results clearly showed that the m ouse oviducts m aintained in organ
culture in vitro could stim ulate the developm ent o f mouse embryos through the 2-cell in
vitro developm ental block. W hittingham et al. (1967) cultured 1-cell m ouse em bryos to
2-cell stage in a chem ically defined m edium and then transferred the 2-cell em bryos into
the am pullary region o f the mouse oviduct maintained in organ culture. A fter 3 days o f
culture inside the oviducts, 36.7% o f the 2-cell embryos developed to blastocysts. These
blastocysts were shown to retain their viability and developm ental capacity after transfer
into recipient mice.
Rexroad and Powell (1986) cultured early stage ovine em bryos on ovine oviduct
cell m onolayers in TCM -199 with 10% fetal bovine serum. The oviduct cell m onolayer
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was found to improve the developm ent o f the ovine embryos. The study o f Gandolfi and
M oor (1987) on ovine em bryos co-cultured with oviduct cells clearly dem onstrated the
beneficial effect o f oviduct cells on the developm ent o f preim plantation m am m alian
em bryos cultured in vitro. They cultured 1-cell ovine em bryos on both oviduct cell and
uterine fibroblast cell m onolayer or in m edium alone for 3 or 6 days. W hen the 1-cell
ovine em bryos were cultured for 3 days, 95% o f the 1-cell em bryos cleaved to m orulae
on either oviduct cell or fibroblast cell m onolayer, but only 13% o f the em bryos cultured
in m edium alone cleaved.

W hen cultured with the oviduct cells, 80% o f the ovine

em bryos developed norm ally after transfer into recipients, while only 33% o f the
em bryos cultured with fibroblast cells developed normally after transfer.

W hen the

1-cell ovine embryos were cultured for 6 days, 42% o f the em bryos cultured with
oviduct cells developed into expanded blastocysts, com pared with only 4.5% o f the
embryos cultured with fibroblast cells. After recipient transfer, 30% o f the blastocysts
co-cultured with oviduct cells had normal developm ent. It was concluded that oviduct
cells in co-culture could support the 1-cell ovine em bryos through the in vitro
developm ental block stage.
Co-culture with oviduct cells was also shown to be beneficial to the in vitro
developm ent o f bovine preim plantation embryos. Eyestone et al. (1987) cultured 5 to
8-cell bovine em bryos on a bovine oviduct cell m onolayer and noted a greater
developm ental rate for em bryos co-cultured with oviduct cells than that o f the em bryos
cultured in medium alone. Eyestone and First (1989) also cultured IVF-derived 1-cell
bovine em bryos w ith bovine oviduct cell m onolayer and reported that m ore 1-cell

bovine em bryos (22%) reached m orula or blastocyst stage when co-cultured on an
oviduct cell m onolayer than those cultured in medium alone (3%). They also noted that
the m edium conditioned by the oviduct cells was able to stimulate the developm ent o f
bovine embryos.
Ellington et al. (1990a) compared the developm ent o f 1-cell bovine embryos
co-cultured with oviduct cells in different media.

The developm ent o f the bovine

em bryos co-cultured with oviduct cells in CZB medium was greater than that o f the
em bryos co-cultured with oviduct cells in complex
F-10).

medium (CM RL-1066 or Ham's

In vitro co-culture w ith oviduct cells was shown to be comparable to in vivo

incubation in intermediate host rabbits.

Ellington et al. (1990b) also com pared the

developm ent o f 1 to 2-cell stage bovine embryos co-cultured with oviduct cells in CZB
medium with that o f 1 to 2-cell stage bovine embryos incubated in the oviducts o f
interm ediate host rabbits for 5 days. The embryo quality score and total cell num ber o f
the em bryos co-cultured with the oviduct cells was equivalent to those o f the embryos
incubated in the rabbit oviducts. Transfer o f the morulae and blastocysts to the recipient
cows in both groups resulted in sim ilar pregnancy rates (57% vs. 58%).
Co-culture with oviduct cells has even been shown to be comparable to in vivo
developm ent o f bovine em bryos (Ellington et al., 1990c). The developm ent o f bovine
em bryos cultured with oviduct cells in vitro for 6 days was com pared with the
developm ent o f bovine em bryos developed in vivo.

The embryo quality score,

developm ental stage and cell num ber were not significantly different between the
em bryos co-cultured with oviduct cells and those developed in vivo.

19

W hite et al. (1989) cultured 2 to 16-cell porcine em bryos w ith a porcine oviduct
cell m onolayer and reported that the porcine oviduct cells were also able to stim ulate the
developm ent o f porcine embryos in co-culture in vitro.
To determ ine if the contact between the embryos and the oviduct cells is
necessary for the effect o f oviduct cells, M cCaffrey et al. (1991) used a m icroporous
m em brane (.4 pm ) to separate oviduct cell m onolayer and em bryos in the co-culture
system.

It was noted the contact between the embryos and the oviduct cells was not

necessary for the stim ulatory effect o f the oviduct cells
A lthough the m echanism (s) o f how somatic cells affect the developm ent o f the
preim plantation m am m alian embryos is still unclear, several m echanism s have been
proposed (Kuzan and W right, 1982). Gandolfi et al. (1989a, 1989b) suggested that the
oviduct cells may secrete growth factors (protein or peptides) into the culture m edium to
stim ulate the normal developm ent o f early stage embryos. Bavister (1988) proposed that
the oviduct cells may remove the substrate from the surrounding m edium that is toxic to
the embryos. It was also suggested that the oviduct cells m ight lower the oxygen tension
o f the m edium surrounding the embryos, allowing improved em bryo developm ent.
Uterine Cell Co-Culture
Kuzan and W right (1982) cultured bovine morulae on a bovine uterine fibroblast
or bovine testicular fibroblast cell monolayer in Ham 's F-10 m edium.

In this study,

m ore m orulae cultured on the bovine uterine fibroblast or bovine testicular fibroblast cell
m onolayer developed to expanded or hatched blastocysts than those cultured in m edium
alone.

20

Bovine uterine fibroblast cells have also been noted to stim ulate the developm ent
o f bovine dem i-em bryos. Voelkel et al. (1985) co-cultured bovine dem i-em bryos with
bovine uterine fibroblast cells.

After 36 hours o f culture, 69% o f the dem i-em bryos

w ere considered to be viable com paring to only 33% o f those cultured in m edium alone.
A t the end o f 72-hour culture period, 62% o f the dem i-em bryos co-cultured with the
bovine uterine cells were viable compared with only 18% o f those cultured in medium
alone.
O ther studies have dem onstrated that fetal bovine uterine fibroblast cells support
the developm ent o f bovine embryos (W iem er et al., 1987, 1988) and equine embryos
(W iem er et al., 1988a, 1988b) in co-culture in vitro. Co-culture o f hum an IVF-derived
em bryos w ith fetal bovine uterine fibroblast cells has been shown to increase the
replacem ent rate o f the hum an IVF embryos (W iem er et al., 1989a, 1989b).
The m echanism o f uterine cell co-culture is unclear for the present. Kuzan and
W right (1982) proposed that bovine uterine fibroblast cells m ight secrete growth factors
into the culture m edium , or the uterine fibroblast cells may rem ove toxic substance from
the surrounding m edium so that the embryo developm ent is improved.
G ranulosa Cell Co-Culture
W ith the increased use o f bovine in vitro m aturation and fertilization, granulosa
cell co-culture has become one o f choices for the culture o f bovine IVF-derived
em bryos.

Goto et al. (1988a, 1988b) cultured IVF-derived bovine embryos on a

granulosa cell m onolayer for either 6 or 7 days. After co-culture, 21% o f the bovine
em bryos reached blastocyst stage compared with only 8% o f those cultured in medium
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alone.

Transfer o f the cultured bovine embryos into recipient cows established

pregnancies. Fukuda (1989) also cultured IVF-derived bovine embryos on a granulosa
cell m onolayer. A fter 5-days o f culture, 18% o f the inseminated oocytes developed to
m orula stage. Transfer o f 7 blastocysts to 6 recipients resulted in 3 pregnancies. Zhang
et al. (1991) also used granulosa cell monolayers to culture IVF-derived bovine embryos
and reported that 44% o f the embryos reached m orula stage.
To compare the efficiency o f granulosa cell co-culture to other co-culture
systems, Nakao and Nakatsuji (1990) co-cultured IVF-derived bovine em bryos with
either granulosa cells or with trophoblastic vesicles.

No significant difference in the

developm ental rate was noted at morula stage between the embryos co-cultured with
granulosa cells (19%) and those co-cultured with trophoblastic vesicles (17%).

The

com bination o f both granulosa cells and trophoblastic vesicles did not increase the
developm ental rate over that o f embryos co-cultured with either granulosa cells or
trophoblastic vesicles. Iwasaki et al. (1990) compared the granulosa cell co-culture to
intermediate incubation inside the rabbit oviducts. It was found that the num ber o f inner
cell m ass (ICM ) cells in blastocysts derived from co-culture with granulosa cells in vitro
at early (15.8%) and expanded blastocyst (14.9%) stages were significantly lower than
the num ber o f ICM cells o f those incubated inside the rabbit oviducts.
Chick Embrvo Co-Culture
Blakewood et al. (1988) first reported the use o f chick em bryos as an
intermediate host for the culture o f m am malian embryos.

Blakewood et al. (1989a,

1989b, 1989c, 1989d) embedded the m ammalian preim plantation em bryos in chips o f
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agarose gel and then incubated the embedded em bryos inside the am niotic cavity o f
chick embryos.

Greater developm ent o f the em bryos incubated inside the amniotic

cavity o f the chick em bryos was noted than in those cultured in m edium alone.
Blakewood et al. (1990) com pared the chick em bryo co-culture with fetal bovine uterine
fibroblast co-culture and noted no significant difference in the developm ental rates o f 2
to 8-cell goat embryos at expanded and hatched blastocyst stages after 72 hours o f
culture.
G ROW TH FACTOR IN PREIM PLANTATION EM BRYO D EVELO PM ENT
During the last decade, growth factors have been reported to play an important
role in the developm ent o f preim plantation m am m alian embryos. The growth factors
involving in the developm ent o f preim plantation m am m alian em bryos are often divided
into four groups: 1) insulin and insulin-like growth factors (IGF-I and IGF-II), 2)
epiderm al growth factor (EGF) and transform ing growth factor-a (T G F -a), 3)
transform ing growth factor-P (TGF-P) and 4) platelet-derived growth factor (PDGF).
Insulin is a 6 kilodalton protein consisting o f two polypeptide chains linked by
disulfide bonds. Insulin-like grow th factor (IGF-I and IGF-II) is also a protein and has
high degree o f amino acid hom ology with insulin. Insulin binds to insulin receptor on
the cell membrane, and also binds to IGF-I receptors with low affinity. The IGF-I binds
to IGF-I receptors with high affinity and binds to insulin receptors with low affinity
(Kiess et al., 1988). The IGF-II binds to IGF-II receptors with high affinity and to IGF-I
receptors with low affinity.
1987).

IGF-II does not bind to insulin receptors (Ewton et al.,
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The EGF is a 6 kilodalton polypeptide. Transforming growth factor (T G F -a) is a
50 amino acid polypeptide with structural and functional sim ilarity to EGF. Both EGF
and T G F -a bind to EGF receptors on the cell membrane (Derynck, 1990).

The TGF-p

is a dim er o f two polypeptides that bind to TGF-P receptors. There are three types o f
TGF-P receptors binding to different forms o f TGF-p isoforms with different affinity
(C hiefetz et al., 1987). The PDGF consists o f two polypeptides chains, A and B chains
that bind to PDGF receptor (M ercola and Stiles, 1988).

Effect o f Growth Factors on Embryo Development
Insulin has been noted to stim ulate amino acid transport and protein synthesis in
preim plantation m ouse em bryos (Kaye et al., 1986; Harvey and Kaye, 1988). Insulin
stim ulates the protein synthesis in both ICM cells and trophoblastic cells o f the mouse
blastocysts.

It has been demonstrated that insulin acts on preim plantation m ouse

em bryos through insulin receptors (Harvey and Kaye, 1990). The IGF-I and anti-insulin
receptor antibody, which bind to insulin receptors, are able to stim ulate protein synthesis
in m ouse blastocysts.

Insulin is also able to stimulate the mitosis and m orphological

developm ent in m ouse em bryos (Gardner and Kaye, 1991).
The importance o f insulin in preim plantation m am m alian em bryo developm ent
has been dem onstrated in the insulin-deficient mice and rats. Female Q uakenbush mice
were m ade diabetic by the injection o f streptozocin. Blastocysts collected from these
diabetic fem ales had 8.5% fewer cells and 35% lower protein synthesis rate than the
control blastocysts collected from normal females.

Treating the diabetic m ice with

insulin restored the protein synthesis rate in diabetic blastocysts to the normal level

24

(Beebe and Kaye, 1991).

The blastocysts recovered from diabetic rats at day-5 o f

gestation also had significantly fewer ICM cells than the blastocysts recovered from
normal rats. The reduced ICM cell num ber was found to be related to the significantly
increased incidence o f cell death in the blastocysts recovered from the diabetic rats
(Pam pfer et al., 1990).
The IGF-I has been shown to be able to stim ulate protein synthesis (Harvey and
Kaye, 1991), increase the ICM cell num ber (Harvey and Kaye, 1992), and enhance the
preim plantation developm ent o f the mouse embryos (Paria and Dey, 1990). The IGF-II
has also been shown to stim ulate the protein synthesis in m ouse preim plantation
em bryos (Rappolee et al., 1992).
Insulin

and

insulin-like

growth

factors

are

preim plantation embryo developm ent o f other species.

also

able

to

improve

the

Insulin has been shown to

stim ulate the developm ent o f IVF-derived bovine embryos (Zhang et al., 1991) and pig
embryos (Lewis et al., 1992). The IGF-I is able to induce new protein synthesis in the
isolated em bryonic discs o f pig embryo collected at d ay -13 o f pregnancy (Estrada et al.,
1991).
W ood and Kaye (1989) demonstrated that EGF increased the incorporation o f 3H
leucine into proteins by m ouse embryos at the morula and blastocyst stages.

The

estim ated EC50 for this effect was found to be .25 nM EGF, within the physiological
range found in the secretions in the reproductive tract.

The EG F-stim ulated protein

synthesis was found to be restricted to the trophoblastic cells o f the blastocysts. It was
proposed that the EGF m ight play a role in the differentiation o f trophoblastic cells.
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Dardik and Schultz (1991) showed that the EGF and T G F -a increased the rate o f
blastocyst expansion in a concentration dependent m anner and that anti-EGF or
anti-T G F-a antibody inhibited the effect o f the EGF or T G F -a on the m ouse blastocyst
expansion.

The EGF and T G F -a m ight act on the mouse blastocysts through EGF

receptors.

Tyrphostin RG 50864, which inhibits the EGF receptor kinase activity,

inhibited the effect o f EGF or T G F -a on the blastocyst expansion.

It was proposed that

T G F -a produced by ICM cells o f the m ouse blastocysts, diffuses to the trophoblastic
cells through the blastocyst cavity and

then acts through EGF receptors on the

basolateral side o f the trophoblastic cells to exert its effect on blastocyst expansion
(Dardik et al., 1992).
Leukemia inhibitory factor (LIF) has been shown to accelerate the hatching
process in both m ouse (Robertson et al., 1990) and sheep blastocysts (Fry et al., 1992)
and may be essential for the implantation o f the m ouse blastocysts. Using "knock-out"
gene strategy, Stewart et al. (1992) disrupted the endogenous LIF gene in mice and they
dem onstrated that the m ouse blastocysts were unable to implant in the uterus. Transfer
o f the blastocysts recovered from "knock-out" fem ales into normal fem ales resulted in
implantation.
Platelet derived growth factor (PDGF), transform ing growth factor-(3 (TGF-b),
basic fibroblast grow th factor (bFGF) and fibronectin have been shown to stim ulate the
developm ent o f early stage bovine embryos in vitro (Larson et al., 1992a, 1992b, 1992c,
Thibodeaux et al., 1993a, 1993b).
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Expression of Growth Factor Receptors and Ligand
It was not until ten years ago that researchers were able to find direct evidence o f
expression o f growth factor ligand and receptors (Heyner et al., 1993). Rappolee et al.
(1988) developed a sensitive m ethod called reverse transcription polym erase chain
reaction

(RT-PCR) to

detect

growth

factor ligand

m RNA

within

m am m alian

preim plantation embryos. A cDNA library was first made from the m RNA pool in a cell
by using reverse transcription process. Specific cDNAs coding for the grow th factors
were am plified by using polym erase chain reaction (PCR) and then detected by
polyacrim ide gel electrophoresis (PAGE).

By using this approach, the expression o f

m R N A o f several growth factor ligand was determined on preim plantation mouse
em bryos.

The PDGF and T G F -a were expressed at the oocyte stage, dim inished at

2-cell stage and then reappeared at the blastocyst stage. The TG F-p did not express until
the 8-cell stage and continued expression to the blastocyst stage.

The EGF, fibroblast

grow th factor (FGF) or nural growth factor (NGF) mRNA was not detected on m ouse
preim plantation embryos, the PDGF, T G F -a and TGF-P proteins were identified in the
m ouse blastocysts by using an imm unofluorescene method.
Paria et al. (1992) studied the expression o f three TGF-P isoforms in mouse
preim plantation embryos by using immunohistochem ical methods.

All isoforms o f

TG F-p (TGF-P,, TG F-p, and TGF-P3) were expressed at 1-cell stage in mice, diminished
at 2-cell stage and then reappeared on 4-cell stage,
blastocyst stage.

and continued expression to
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W atson et al. (1992) studied the expression o f growth factor ligand in bovine
preim plantation em bryos by using the RT-PCR approach.

The grow th factors tested

were T G F -a, TGF-p, IGF-I, IGF-II, PDGF, bFGF, EGF and bovine trophoblastic protein
(bTP) and P-actin was used as the control. The T G F-a, TGF-P, IGF-I, IGF-II and PDGF
were expressed from 1-cell stage through blastocyst stage in preim plantation bovine
embryos.

The bFGF was expressed from the 1-cell to the 8-cell stage, and then

dim inished at the 16-cell stage.

Whereas, bTP was expressed at the blastocyst stage.

There was no expression o f EGF at any preim plantation stages in the bovine embryos.
Using an indirect imm unofluorescence method, Rosenblum et al. (1986) first
detected the binding o f insulin to mouse morulae and blastocysts.

Two years later,

M attson et al. (1988) confirmed the binding o f insulin to m ouse em bryos using
autoradiography o f l25I labeled insulin. A dose-dependent binding o f the radio-labeled
insulin to m ouse m orulae and blastocysts was also noted.

A high concentration o f

non-labeled insulin was able to significantly decrease the binding o f the ,25I-insuIin to
the m ouse m orula and blastocysts, indicating that the binding o f l25I-insulin was specific.
Heyner et al.

(1989) studied

the distribution

o f insulin

receptors on

m ouse

preim plantation embryos by using gold-labeled insulin and anti-insulin receptor
antibody. Insulin was found to mainly locate on the cell membrane, and concentrate on
coated pits o f the cell membrane.

Gold particles were also found in cellular structures

such as endosomes. At the blastocyst stage, gold particles were m ainly located on the
mural and polar trophoblastic cells with significantly fewer gold particles in the ICM
cells.
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Using an im m unofluorescene method, Harvey and Kaye (1991) detected IGF-II
receptors in preim plantation mouse embryos starting from the 2-cell to blastocyst stage.
A dam son

(1990)

detected

EGF

im m unohistochem ical m ethod.

receptors

in

m ouse

blastocysts

by

using

an

By using both im m unofluoresence techniques and

RT-PCR, W iley et al. (1992) found EGF receptor mRNA and protein from the 4-cell to
blastocyst stages in m ouse embryos.

Dardik et al. (1992) studied the distribution o f

EGF receptors on m ouse blastocysts by using gold-labeled anti-EG F receptor antibody.
They found that the gold particles were mainly located on the basolateral side o f the
trophoblastic cells.
Growth factor ligand and receptors have also been shown to be expressed in the
preim plantation em bryos o f other species. Corps et al. (1990) studied EGF and IGF-I
receptors on pig em bryos on Days 15 to 19 o f pregnancy by using l25I-labeled EGF and
IGF-I. Both radio-labeled EGF and IGF-I were found to bind to the pig trophoblastic
cells. The binding o f radio-labeled EGF and IGF-I was inhibited by unlabelled EGF or
IGF-I and the degree o f inhibition was increased with the concentration o f unlabelled
EGF or IGF-I. They also identified a protein complex o f 160 kilodalton responsible for
EGF binding and another protein complex o f 45 kilodalton for IGF-I binding from the
trophoblastic cells o f the pig embryos.
W atson et al. (1992) evaluated the expression o f grow th factor receptor in
preim plantation bovine em bryos by using RT-PCR method. Insulin, IGF-I, IGF-II and
PDGF receptors were identified at all preim plantation stages in the bovine embryos.
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The preim plantation m am m alian embryos are able to affect the developm ent o f
each other when cultured in a small droplet o f medium. Paria and Dey (1990) cultured
2-cell m ouse em bryos in a 25-pl droplet o f medium singly or in groups o f 5 to 10 per
droplet. It was noted that the singly cultured mouse em bryos had poorer developm ent to
the blastocyst stage and lower cell num ber at the blastocyst stage than the those cultured
in a group. Addition o f EGF, T G F -a or TG F-p to the m edium significantly improved
the developm ent o f the singly cultured mouse embryos.

It was proposed that EGF,

T G F -a and TGF-P prim arily affected the m ouse em bryos from the 8-cell stage to
blastocyst stage.

The IGF-I had no effect on the developm ent o f the singly cultured

m ouse embryos. Li et al. (1992) reported that intact 8-cell m ouse embryos were able to
stim ulate the developm ent o f isolated single m ouse blastom eres in co-culture.
EFFECT OF BLASTO M ERIC CONTACT ON M AM M ALIAN
PREIM PLANTATION DEVELOPM ENT
In the m id 1960's, M intz (1965) suggested that the position o f cells within a
m ouse m orula determined the fate o f these cells in subsequent developm ent. The outer
cells gave rise to trophoblastic cells and the inner cells to inner cell mass. Tarkowski
and W roblewska (1967) m ore explicitly expressed this hypothesis as "inside-outside"
hypothesis. Hillm an et al. (1972) demonstrated that the fate o f a cell at the blastocyst
stage could be altered by changing its position at the m orula stage.
The different position o f the blastomeres within m ouse embryos creates different
contact between blastomeres (Johnson, 1981). The difference in the contact has been
shown to affect the fate o f the blastomeres (Johnson, 1985; Johnson and Pratt, 1983).
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Different contact between blastom eres has also been noted to induce different types o f
surface polarization in 8-cell m ouse blastomeres (Handyside, 1980; Ziom ek and
Johnson, 1980, 1981,1982; Surani and Barton, 1984) and to evoke different behaviors o f
the blastom eres (Kim ber and Surani, 1981; Kim ber et al., 1982). Johnson and Ziom ek
(1983) dem onstrated that continuous interaction between the polar and apolar cells in
preim plantation m ouse em bryos was necessary to m aintain their respective fates as
trophoblastic or ICM cells.
It is unknown how the position inform ation is recognized by individual cells
within a m ouse morula. Intercellular junctions likely play a role in the recognition o f the
position information. Ducibella and Anderson (1975) dem onstrated that the com paction
at the 8-cell stage was accom panied by the form ation o f tight gap junctions and that the
position difference at com paction was the first step leading to differentiation at the
blastocyst stage. Ducibella et al. (1975) studied the form ation o f intercellular junctions
in preim plantation mouse embryos by using lanthanum tracer and freeze-fracture
m ethods. The outer blastomeres o f the m ouse morulae were found to form focal tight
junctions. Desm osom es consisting o f gap junctions and a zonula occludes appeared for
the first tim e in the trophoblastic cells at the blastocyst stage in mice. M ouse ICM cells
were also found to be connected by the gap junctions. The form ation o f gap junctions in
the preim plantation mouse em bryos was described in detail by M agnuson et al. (1977)
and Fleming et al. (1989).
Gap junctions allow the com m unication between blastom eres in the m ouse
preim plantation em bryos and have been shown to be im portant for preim plantation

em bryo developm ent. Inhibition o f intercellular junction form ation beyond the 32-cell
stage by an anti-intercellular junction antibody resulted in m alform ed blastocysts in
w hich trophoblastic cells predom inated and functional ICM cells were reduced or absent
(Johnson et al., 1979).
Lo and Gilua (1979) dem onstrated that at the 2-cell to precom pacted 8-cell stage
cytoplasm ic bridges between sister blastomeres were responsible for both the ionic
coupling, the transfer o f injected fluorescein (m olecular weight 330 dalton) and the
transfer o f injected horseradish peroxidase (m olecular weight 40 kilodalton) between
sister blastom eres. Junction-m ediated intercellular com m unication was detected in the
early com paction stage in m ouse embryos. At this stage ionic coupling was present and
the fluorescein injected into one o f the blastomeres spread into all eight blastom eres, but
injected horseradish peroxidase only passed to the sister blastomeres. Junction-m ediated
com m unication, indicated by the spreading o f injected fluorescein, was also observed
am ong trophoblastic cells, betw een trophoblastic and ICM cells, and among ICM cells.
Rescuing o f the viability o f parthenogenetic m ouse embryos by fertilized
em bryos in chim eras is a good example o f the effect o f contact and intercellular
com m unication

on the developm ent o f m am m alian embryos.

Diploid

mouse

parthenogenones developed only to the 25-som ite stage (Kaufm an et al., 1977).

The

diploid m ouse gynogenones produced by the suppression o f the extrusion o f second
polar body (Niem ierko, 1975) and the subsequent removal o f the male pronucleus
(M odlinski, 1980; Borsuk, 1982) developed only to the 25-som ite stage as did the
genetically sim ilar diploid m ouse parthenogenones (Surani and Barton, 1983).
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Barra and Renard (1988) constructed diploid em bryos by fusing late 2-cell stage
parthenogenones with late 2-cell stage androgenones.
developed to normal offspring.

These constructed em bryos

It has been shown that the inviability o f m ouse

parthenogenones is determined by pronuclei, not by egg cytoplasm (M ann and
Lovell-Badge, 1984).

Pronuclear transfer experiments indicate that the parental

genom es are not equivalent in supporting the em bryogenesis in m ice (M cG rath and
Softer, 1984; Barton et al., 1984; Surani et al., 1984). Surani et al. (1986) noted that
normal developm ent to term was obtained only in the reconstructed eggs w ith an
androgenetic nucleus and a fem ale pronucleus, or with a gynogenetic nucleus and a male
pronucleus, but not in the reconstructed eggs with an androgenetic nucleus and a male
pronucleus or with a gynogenetic nucleus and a female pronucleus. It has been proposed
that the paternal genome is essential for the developm ent o f extraem bryonic tissues and
the m aternal genome for the embryogenesis (Barton et al., 1984). Genom e imprinting
during gam etogenesis has been proposed to be responsible for the functional difference
o f parental genomes during embryogenesis (Surani et al., 1990).
Although the diploid m ouse parthenogenones were shown to be unable to
com plete embryogenesis alone, they could develop to chim eric adulthood with extensive
contribution from the parthenogenetic cells to all the tissue and organs (Surani et al.,
1977; Stevens et al., 1977) and produced viable germ cells in the chim eric adult mice
(Stevens, 1978; Anderegg and M arkert, 1986).

Attem pts have also been m ade to

produce parthenogenetic and androgenetic chimeric embryos with limited success
(Surani et al., 1987; Thom son and Solter, 1988, 1989). Androgenetic m ouse em bryos
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were also combined with fertilized m ouse embryos to produce chim eric m ice, but none
o f the adults had detectable contributions from the androgenetic embryos. The analysis
at m idgestation revealed the existence o f androgenetic cells in the trophoblast and yolk
sac (Surani et al., 1988).
Surani et al. (1987) introduced normal m ouse ICM cells into trophoblastic
vesicles derived from parthenogenetic or gynogenetic mouse embryos. The developm ent
o f the reconstructed em bryos resem bled that o f unoperated parthenogenetic m ouse
em bryos.

The trophoblast o f these embryos failed to proliferate and there was no

detectable cellular contribution to the trophoblast from the normal ICM cells.

The

em bryos reconstructed from normal m ouse trophoblast and parthenogenetic m ouse ICM
cells were unable to develop to term.

The trophoblast in the reconstructed embryos

proliferated normally without the contribution from the parthenogenetic ICM cells.
EFFECT OF EM BRYONIC CYTOPLASM ON M AM M ALIAN
PREIM PLANTATION EM BRYO DEVELOPM ENT
M etaphase II cytoplasm has been shown to be able to increase the viability o f
fertilized m onkey embryos derived from m etaphase I oocytes (Flood et al., 1990). In
their study, the cytoplasm from m onkey metaphase II oocytes were m icroinjected into
m onkey m etaphase I oocytes. These oocytes were then fertilized in vivo after transfer
into fallopian tubes o f recipient m onkeys and resulted in a delivery rate o f 13%. But
none o f the 26 sham control m etaphase II oocytes produced pregnancy.
The oocyte cytoplasm has been shown to function differently before and after
fertilization or activation.

Czolowska et al. (1984) noted that when the nucleus o f a
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thym us cell was introduced into a metaphase II oocyte, it underw ent prem ature
chrom osom e condensation. However, the nucleus o f the thym us cell started to develop
like a pronucleus and increased up to 200 tim es in volume during 24 hour culture in
vitro w hen the nucleus o f a thym us cell was introduced into an activated m ouse oocyte.
The oocyte cytoplasm before or after fertilization has been shown to affect the
developm ent o f cleavage blastomeres differently after it has been introduced into the
blastom eres (Czolow ska et al., 1986). It was reported that the single 4 or 8-cell stage
interphase m ouse blastomeres went through premature chrom osome condensation when
the cytoplasm o f metaphase II oocytes was introduced (volum e ratio o f partners, 1:1).
Taniguchi and Kanagawa (1992) created reconstructed mouse em bryos by fusing 2-cell
stage m ouse blastomeres w ith the cytoplast derived from oocytes or pronuclear stage
m ouse embryos.

They noted that the reconstructed embryos with the cytoplasm of

oocytes had poorer developm ental rate to blastocyst stage than the reconstructed
em bryos with the cytoplasm from the pronuclear mouse embryos.

Ethanol treatm ent

im proved the developm ent o f the reconstructed mouse embryos with oocyte cytoplasm.
The cytoplasm o f fertilized or artificially activated oocytes has been shown to be
capable o f inhibiting the rRNA synthesis activity in the nucleoli organization region
when it is introduced into the 8 to 16-cell m ouse blastomeres (Dyban et al., 1988).
The study o f M uggleton-Harris et al. (1982) dem onstrated the cytoplasmic
control o f preim plantation embryo developm ent in mice. In their study, the cytoplasm
from 1-cell mouse em bryos o f non-block strain o f mice (C57 x CBA) was injected into
1-cell m ouse embryos o f block-strain o f mice (MF1). O f 58 injected 1-cell embryos, 5

developed to m orula stage w hile none o f the 39 1-cell em bryos in the sham control
reached the m orula stage.

The cytoplasm o f 2-cell m ouse em bryos from non-block

strain o f m ice was also injected into 2-cell stage embryos o f block-strain o f mice. O f 42
injected 2-cell embryos, 30 developed to or beyond the m orula stage com pared w ith only
1 o f 92 in the uninjected control.

Goddard and Pratt (1983) noted that the origin o f

oocytes determ ined whether the pronuclear embryos are blocked at the 2-cell stage or
continue cleavage when cultured in vitro. By fusing m etaphase II oocytes o f a block
strain o f mice with oocytes o f a non-block strain o f m ice, Gulyas et al. (1984)
dem onstrated that the fusion products overcame the in vitro developm ental block and
10% o f them developed to the blastocyst stage.
The cytoplasm o f the preim plantation mouse em bryos has been shown to interact
w ith the nucleus during the preim plantation stage. The DDK strain o f mice is a good
exam ple o f the interaction betw een the cytoplasm and nucleus. W akasugi (1967) first
described the unusual properties o f DDK mice in that the female mice o f this strain
showed very low fertility w hen they were crossed with m ales o f other strains o f mice.
But the fertility was normal when DDK male m ice were crossed with fem ales o f other
strains. W akasugi (1972) showed that the embryos produced by DDK fem ales crossed
with the m ales o f other strains died around the blastocyst stage.
Based on the genetic analysis o f various types o f crosses between DDK and KK,
NC or C57BL/6 strains o f mice, W akasugi (1974) proposed that the incom patibility
betw een a cytoplasmic factor in the DDK oocytes and the alien male genom e caused the
death o f the embryos, probably due to the failure o f trophoblastic differentiation.

By
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using nuclear transplantation between the embryos o f DDK and BALB/c mice, Babinet
et al. (1990) verified that the failure in the developm ent o f DDK FI em bryos was indeed
due to the incom patibility between the paternal genome and the DDK oocyte cytoplasm.
This incom patibility did not occur between a female BALB/c pronucleus and the DDK
cytoplasm .

They also introduced cytoplasm from 1 to 8-cell DDK embryos into

BA LB/c X BALB/c or BALB/c X DDK embryos at the corresponding developm ental
stage.

They noted that the cytoplasm o f DDK embryos prevented the form ation o f

blastocysts o f BALB/c X BALB/c or BALB/c X DDK embryos. They also identified a
polypeptide called D14 o f 36.5 kilodalton m olecular weight and w ith pi o f 8.0 that
m ight be responsible for this incompatibility. The D14 was found to express only in the
DD K embryos.
It is interesting to note that the embryonic cytoplasm at the preim plantation stage
can alter the expression o f phenotypes at adulthood.

Reik et al. (1993) created

nucleocytoplasm ic hybrids by transferring a female pronucleus o f D2 origin into a B6
pronuclear embryos whose female pronucleus was previously rem oved (called BDB
hybrid). The embryos from natural m ating between D2 females and B6 males were used
as the control (D2/B6 natural hybrid). The BDB hybrids with a female D2 genom e on a
background o f B6 cytoplasm were genetically identical to but different cytoplasm ically
from D2/B6 natural hybrids.

Mice born from the BDB hybrids showed transcription

repression and DNA m ethylation o f several m ajor urinary protein genes in their liver, as
well as growth deficiency. No such changes were observed in the mice born from the
D 2/B6 natural hybrids.

Further study excluded the possibility o f embryo handling or
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m icrom anipulation procedure causing this changes in the expression in the adulthood.
They

proposed that the nucleocytoplasmic

interaction in BDB

hybrids during

em bryogenesis m ight be responsible for the phenotypic m odification in the adults.
Em bryonic cytoplasm also influences the viability o f the preim plantation
androgenetic mouse embryos. Latham and Solter (1991) observed that the androgenetic
m ouse em bryos constructed from fertilized eggs o f C57BL/6 or (B6D2) FI mice
developed to blastocyst stage at a higher frequency than the androgenetic embryos
constructed from the fertilized eggs o f DBA/2 mice regardless o f the origin o f the
pronuclei.

The majority o f the androgenetic embryos constructed from the fertilized

eggs o f DBA/2 mice failed to progress beyond the 16-cell stage. They noted several
specific alterations in the protein synthesis pattern in the DBA/2 m ouse androgenones.
They proposed that the cytoplasmic factor in the egg directed a strain-dependent
m odification o f the paternal genome and that the DBA/2 egg cytoplasm m odified the
incom ing male pronuclei differently than did the C57BL/6 egg cytoplasm.
Em bryonic cytoplasm may also control the activity o f the nucleus during the
preim plantation stage.

Bernstein and M ukherjee (1972 and 1973) introduced somatic

nuclei with high RNA synthesis activity into the 2 or 4-cell m ouse blastom eres and
noted the suppression o f the RNA synthesis o f the somatic nuclei in the 2-cell m ouse
blastom eres, but not in the 4-cell blastomeres. They suggested the existence o f a factor
in the 2-cell m ouse blastomere cytoplasm responsible for the suppression o f RNA
synthesis. This inhibitory factor was apparently lost by the 4-cell stage.
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N ucleocytoplasm ic ratio may also play a role in the developm ental regulation.
Howlett et al. (1987) noted that the developm ent o f the reconstructed m ouse embryos
with a low nucleocytoplasm ic ratio was poorer than those w ith a high nucleocytoplasm ic
ratio. Evsikov et al. (1990) noted that the cleavage rate o f the 2-cell m ouse blastomeres
w ith reduced cytoplasm volume (by one third) was lower than that o f the control
blastom eres with no cytoplasm removed.

However, Petzoldt and M uggleton-H arris

(1987) reported that altering the nucleocytoplasm ic ratio in either direction did not
change the protein synthesis pattern o f the preim plantation m ouse embryos.
The objectives o f this dissertation research are (1) to evaluate the effect o f
post-block m ouse and bovine embryos on the developm ent o f pre-block em bryos in
culture in vitro, (2) to evaluate the species specificity o f the effect o f the post-block
em bryos, (3) to evaluate the effect o f blastomeric interaction within em bryos on the
developm ent o f pre-block m ouse and bovine embryos in aggregated em bryos or in
chim eric em bryos and (4) to evaluate the effect o f m ouse and bovine embryonic
cytoplasm at different preim plantation stages on the developm ent o f the pre-block
embryos.

CHAPTER II
INTACT MOUSE EMBRYOS ENHANCE THE DEVELOPMENT
OF ISOLATED MOUSE BLASTOMERES
DURING IN VITRO CO-CULTURE
INTRODUCTION
It has been established that m am m alian preim plantation embryos have the ability
to respond to exogenous growth factors, and even to secrete stim ulatory growth factors
them selves (Rappolee et al., 1988, 1990; W atson et al., 1992; Paria et al., 1992; Heyner
et al., 1993; Gandolfi, 1994). Rappolee et al. (1988) used reverse transcript polymerase
chain

reaction

to

demonstrate

that

mouse

preim plantation

em bryos

express

platelet-derived growth factor (PDGF), transform ing growth factor-a (T G F -a) and
transform ing growth factor-P (TGF-P) m RNAs at post-block preim plantation stages.
M ouse preim plantation embryos have also been reported to express growth factor
receptors (see review by Heyner et al., 1993). Insulin receptors have been shown to be
expressed at m orula and blastocyst stages in mice (Rosenblum et al., 1986; M attson et
al., 1988) and are located m ainly on the trophoblastic cells o f the m ouse blastocysts
(H eyner et al., 1989).

Furthermore, IGF-II receptors are expressed from 2-cell to

blastocyst stage in mouse em bryos (Harvey and Kaye, 1991) and EGF receptors are
expressed from 4-cell to blastocyst stage in mouse embryos (Adamson, 1990; W iley et
al., 1992).

The IGF-II receptors have been reported to locate prim arily on the

basolateral side o f the trophoblastic cells (Dardik et al., 1992). In addition to mouse
em bryos, growth factor ligand and receptors are also expressed in both bovine (W atson
et al., 1992) and porcine preim plantation embryos (Corps et al., 1990).
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M ouse preim plantation embryos have been shown to respond to exogenous
insulin by increased m itotic activity (Gardner and Kaye, 1991), amino acid transport
(Kaye et al., 1986) and protein synthesis (Harvey and Kaye, 1988; Harvey and Kaye,
1990). M ouse blastocysts collected from insulin-deficient anim als have few er cells and
a lower protein synthesis rate than the norm al m ouse blastocysts (Pam pfer et al., 1990;
Beebe and Kaye, 1991). Treating the insulin-deficient anim als w ith insulin was found to
restore the protein synthesis rate o f the insulin-deficient m ouse blastocysts to the normal
level (Beebe and Kaye, 1991).
M ouse blastocysts respond to exogenous epidermal grow th factor (EGF) by
increased protein synthesis and accelerated blastocyst expansion (W ood and Kaye,
1989). Anti-EGF or anti-T G F-a antibody has been shown to inhibit the effect o f the
EGF or T G F -a on the m ouse blastocyst expansion (Darik and Schultz, 1991).

It has

been proposed that T G F -a is produced by ICM cells o f the m ouse blastocysts, diffuses
to trophectoderm and stim ulates the growth and differentiation o f the trophoblastic cells
(Dardik et al., 1992). Leukem ia inhibitory factor (LIF) has also been shown to stim ulate
the developm ent o f both m ouse (Robertson et al., 1990; Stewart et al., 1992) and sheep
blastocysts (Fry et al., 1992).
M ouse preim plantation embryos are able to stim ulate the developm ent o f their
contem poraries when they are cultured together in a m icrodroplet o f m edium (Paria and
Dey, 1990). The 2-cell mouse embryos in their study had a poorer developm ental rate to
blastocyst stage and lower cell num ber per blastocyst when they were cultured singly in
25 pi m icrodroplets than those cultured in groups o f 5 or 10 in 25 pi o f m edium . The
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addition o f EGF, T G F -a or TGF-P to culture medium was able to improve the
developm ent o f singly cultured 2-cell mouse embryos.
This leads one to suspect that paracrine and possibly autocrine activity o f mouse
em bryos at the preim plantation stage may play an important role in the developm ent of
the individual blastom eres w ithin the developing embryos. Thus, the objective o f the
present study is to evaluate the effect o f intact 8-cell m ouse em bryos on the in vitro
developm ent o f isolated contem porary blastomeres.
M ATERIALS AND M ETHODS

Mouse Embryo Collection
Young ICR female m ice (4 to 6 weeks old) were injected peritoneally with 5 IU
o f equine chorionic gonadotropin (eCG, Sigma, St. Louis, M O) at 2 pm, and then with 5
IU o f hum an chorionic gonadotropin (hCG, Sigma) 50 hours later.

The fem ale mice

were paired with male ICR mice immediately after the hCG treatm ent and were checked
for the sign o f m ating (vaginal plug) next morning. After cervical dislocation at day-2
post copulation, m ouse em bryos were collected from the females by flushing the
oviducts with phosphate-buffered saline (PBS) with 5% fetal bovine serum (FBS). The
2-cell and 8-cell stage m ouse embryos were collected and washed in PBS (with 10%
FBS) and then m aintained at 37°C in 5% C 0 2 in an atmosphere o f hum idified air.

Separation of Blastomeres
The zona pellucida o f the 8-cell m ouse embryos was rem oved by treating with
.25% pronase in serum -free PBS.

The zona-free 8-cell em bryos were washed three

tim es with serum -free PBS m edium and then incubated in Ca2+ and M g2+-free PBS
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m edium w ith 10% FBS at 37UC for 30 minutes. Blastom ere separation was conducted in
Ca2+ and M g2+-free PBS m edium supplemented with 10% FBS.

A fine glass pipette (10

pm in diam eter) attached to a Leitz m icromanipulator unit was used to separate the
blastomeres by pipetting. The isolated blastomeres were collected and transferred into
fresh PBS w ith 10% FBS.

Experimental Design
Isolated blastomeres were used in this experiment.

The num ber o f the

blastom eres used was designed as x/8 where x is the num ber o f isolated blastomeres
used and eight refers to the 8-cell embryo stage.

Isolated m ouse blastom eres were

allocated into six treatments: (A) 1/8-blastomeres (n=50) cultured in W hitten's m edium
alone, (B) 1/8-blastomeres (n=50) co-cultured with 8-cell intact m ouse embryos in
W hitten's

m edium ,

(C)

1/8-blastomeres

(n=50)

cultured

in

W hitten's

m edium

conditioned by 8-cell intact m ouse embryos, (D) 2/8-blastom eres (n=50) cultured in
W hitten's m edium alone, (E) 3/8-blastomeres (n=50) cultured in W hitten's medium
alone and (F) intact 8-cell m ouse embryos (n=50) cultured in W hitten's medium alone
serving as a control (Table 1).

The isolated 8-cell stage mouse blastom eres and/or the

intact 8-cell m ouse embryos were cultured in droplets o f 50 pi W hitten's m edium for 72
hours. Each o f the droplets contained 18 to 20 blastomere groups and ten intact 8-cell
embryos.

Embryo and Blastomere Culture
All blastom eres and/or intact embryos were cultured in droplets o f 50 pi
W hitten's m edium (W hitten, 1968) covered with mineral oil equilibrated with 5% C 0 2.

Table 1. Experimental design
Trt
A
B
C
D
E
F

M ouse
blastomeres

(n)

W hitten's
m edium

1/8
1/8
1/8
2/8
3/8
Intact

50
50
50
50
50
50

+
+
+
+
+
+

Intact
Conditioned
em bryos3 m edium b
-

-

+
"

+
-

a Intact 8 -c ell m ou se em bryos.
h W hitten's m edium con d ition ed by intact 8 -c ell m ouse em bryos.

44

All experimental groups were incubated at 37°C in 5% C 0 2 in an atm osphere o f
hum idified air for 72 hours. One third o f the medium was rem oved from the droplets
and replaced with fresh m edium at 24-hour intervals and the embryo developm ent was
evaluated for stages o f developm ent.

To make the conditioned medium used in this

experiment, 20 intact 8-cell ICR m ouse embryos were cultured in droplets o f 50 pi
W hitten's m edium covered with mineral oil equilibrated with 5% C 0 2. All experimental
groups were incubated in 5% C 0 2 in an atm osphere o f hum idified air for 48 hours. The
m ouse embryos were then rem oved and the medium from the droplets was then used for
the conditioned medium in Treatm ent C.

Statistical Evaluation
Chi-square statistical analysis was used to compare the rate o f morphological
stages o f the isolated mouse blastomeres among treatm ent groups.
RESULTS

Development of Blastomeres from 8-Cell Embryos Cultured with Intact Embryos
At the end o f the 72-hour culture interval, significantly more 1/8-cell blastomeres
(P < .05) co-cultured with intact 8-cell embryos (Treatment B) divided three or more
tim es (>8-cell) than those cultured in medium alone (Treatment A) (78% vs. 46%)
(Table 2).

The mouse conditioned medium (Treatment C) had a sim ilar stimulatory

effect as the intact embryos in supporting the 1/8-cell blastomeres to the 8-cell stage
(72%). The 1/8-blastomeres cultured in the conditioned medium (Treatment C) also had
a greater percentage developing to the 8-cell stage than those cultured in the fresh
m edium alone.

Significantly more 2/8-(Treatment D) and 3/8-(Treatm ent E) mouse
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Table 2. Enhanced development of 8-cell mouse blastomeres by intact mouse
embryos in co-culture

D
E
F

50
50
50
50
50
50

23(46%)®
39(78%)
36(72%)b
34(68% J
45(90% )

v-6

c

1/8-Blastomere
1/8+Embryos
1/8-CMED
2/8-Blastom ere
3/8-Blastom ere
Intact Embryos

Blastocyst
(%)

o
o
n
0s®

A
B

o

(n)

Trt

8-Cell
(%)

5(10%) ba
13(26%)
13(26% )b
20(40% )bL
27(54% )c
42(84% )d

TBV
(%)
13(26% )a
17(34%)^
15(30% )b
6( 12%) ab
10(20%)
0 (0 % )c

a-d Q jfferent superscripts w ithin the sam e group are sig n ifica n tly different (P < .0 5 ).
T B V = trop h ob lastic v e sic le -lik e structure, l/8 + E m b r y o s= 1/8-blastom eres co-cu ltu red w ith ten intact
8 -c ell m o u se em bryos, l/8 -C M E D = l/8 -b la sto m e r e s cultured in con d ition ed m edium .
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cultured in m edium alone (68% and 90% vs. 48%). However, there was no significant
difference in the developm ental rate to the 8-cell stage among 1/8-blastomeres
co-cultured w ith intact embryos (Treatment B), 1/8-blastomeres cultured in conditioned
m edium (Treatm ent C), the 2/8-blastomeres cultured in m edium alone (Treatm ent D).
Significantly

more

1/8-blastomeres

co-cultured

with

the

intact

embryos

(Treatm ent B) form ed blastocysts than those cultured in m edium alone in Treatm ent A
(26% vs. 10%).

The 1/8-blastomeres cultured in the conditioned m edium (26%,

Treatm ent C) had a sim ilar blastocyst rate to those co-cultured with the intact em bryos in
Treatm ent B. The blastocyst rate (40%) o f 2/8-blastomeres cultured in m edium alone
(Treatm ent D) tended to be greater than those o f the 1/8-blastomeres cultured with intact
em bryos

(Treatm ent B) or in the conditioned medium

(Treatm ent C).

The

3/8-blastom eres (Treatm ent E) had a significantly greater developm ental rate to
blastocyst stage (54%) than those o f 1/8-blastomeres in Treatments A, B and C (10, 26
and 26%, respectively).
There was no significant difference in the trophoblastic vesicle-like (TBV,
trophoblasts only, no inner cell mass cells) structure form ation rate am ong the
1/8-blastomeres cultured in m edium alone (Treatment A), those co-cultured w ith intact
em bryos (Treatm ent B) and those cultured in conditioned m edium (Treatment C) (26%,
34% and 30%).

Significantly fewer 2/8-blastomeres (12%) formed trophoblastic

vesicle-like structure than the 1/8-blastomeres in Treatments A, B and C) (Figure 1).
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Figure 1. Enhanced development of 8-ceII mouse blastomeres by intact mouse
embryos in co-culture.
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Blastocyst to Trophoblastic Vesicle-Like Structure Ratio
A blastocyst to trophoblastic vesicle-like structure ratio was calculated by
dividing the blastocyst rate by the trophoblastic vesicle-like structure rate in each
treatm ent.

There was a small, but statistically insignificant increase in the blastocyst to

trophoblastic vesicle-like structure ratio o f the 1/8-blastomeres co-cultured w ith the
intact em bryos (Treatm ent B) or in the conditioned m edium (Treatm ent C) (.76 and .87,
respectively) compared with that o f the 1/8-blastomeres cultured in m edium alone
(Treatm ent A) (.38). There was a significant increase in the blastocyst to trophoblastic
vesicle-like structure form ation ratio in both the 2/8-and 3/8-blastom eres cultured in
m edium alone in Treatm ent D and E compared with that o f 1/8-blastomeres cultured in
m edium alone (2.7 and 3.3 vs. .38, respectively).
DISCUSSION
It has been reported that preim plantation m ouse embryos cultured in groups had
im proved developm ent over singly cultured embryos and that the addition o f EGF,
T G F -a and TGF-P improved the developm ent o f the singly cultured m ouse embryos
(Paria and Dey., 1990; Canseco et al., 1991). The post-block mouse embryos have been
reported to stim ulate the developm ent o f IVF-derived bovine (Li et al., 1993) and
recently w ith equine embryos in co-culture (Li et al., 1994). The results o f the present
study indicate that the post-block mouse embryos were able to stim ulate the in vitro
developm ent o f isolated contem porary blastomeres during co-culture.
Post-block m ouse em bryos have been shown to produce various growth factors
such as T G F -a, PDGF and TGF-P (Rappolee et al., 1988; Paria et al., 1992).

Both
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T G F -a and TGF-P have been reported to stim ulate the protein synthesis, blastocyst
expansion and the developm ent o f preim plantation mouse embryos (W ood and Kaye,
1989; Paria and Dey, 1990; Darik and Schultz, 1991) and PDGF has been shown to
stim ulate the developm ent o f IVF-derived bovine embryos in culture (Larson et al.,
1992; Thibodeaux et al., 1993). It is possible that the growth factors also played a role
in the im proved developm ent o f the isolated m ouse blastomeres in the co-culture with
the intact m ouse embryos in the present study. The stimulatory effect o f the conditioned
m edium in this study further suggests the involvement o f diffusible factors in the
stim ulation o f the intact em bryos on the developm ent o f the isolated blastomeres.
Preim plantation m ouse embryos have been reported to reach the blastocyst stage
and form a blastocyst cavity at 32-cell stage in vivo (Tarkowski, 1965; Ducibella, 1977).
The differentiation into ICM or trophoblastic cells by the blastomeres is dependent on
the position o f the mouse blastomeres at the late m orula stage in mice (M intz, 1965;
Tarkowski, 1967; Johnson and Ziomek, 1981), with the innermost cells developing into
ICM cells and the outerm ost cells transforming into trophoblast cells (Tarkowski, 1967;
Johnson and Ziomek, 1981). The blastomeres retain their own developm ental pack after
m icrom anipulation and cavitate at the same time as the unm anipulated blastom eres
(Tarkowski, 1965).

Although the single 1/8-mouse blastomeres have the potential to

differentiate into both ICM cells and trophoblastic cells after separation (Kelly, 1975),
they cavitate at the 4-cell stage at a time when only a few cells are located inside the
embryo proper.

Thus, the 1/8-mouse blastomeres tended to form trophoblastic

vesicle-like structures without ICM cells. The 2/8-m ouse blastomeres in this study were
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found to cavitate at the 8-cell stage and 3/8-blastomeres at the 12-cell stage; thus, with
some cells located inside o f the developing embryos, they give rise to ICM cells instead
o f form ing trophoblastic-like structure without visible ICM components.
In the present study, the blastocyst to trophoblastic vesicle-like structure ratio
was .38 for the 1/8-blastomeres cultured in medium alone com pared w ith .76 and .87 for
the 1/8-blastomeres co-cultured with intact 8-cell em bryos or cultured in conditioned
m edium.

The increase in the blastocyst to trophoblastic vesicle-like structure ratio

suggests that the embryos derived from the 1/8-blastomeres co-cultured with the intact
em bryos or cultured in the conditioned m edium had more cells at the tim e o f blastocyst
form ation and tended to form blastocysts more frequently than the 1/8-blastomeres
cultured in m edium alone.
On the basis o f the results in the present study, it was concluded that the
post-block m ouse embryos can stim ulate the developm ent o f their contem porary
blastomeres.

Furthermore, the stim ulatory effect o f the post-block m ouse em bryos is

likely m ediated by a factor(s) released into the m edium by the post-block intact mouse
embryos. This suggests a positive in vivo autocrine/paracrine interaction w ithin mouse
em bryos during the preim plantation development.

CHAPTER III
POST-BLOCK PREIMPLANTATION MOUSE AND BOVINE
EMBRYOS STIMULATE THE DEVELOPMENT OF
PRE-BLOCK EMBRYOS IN VITRO
INTRODUCTION
The developm ent o f m am m alian preim plantation em bryos cultured in vitro is
generally poorer compared w ith that o f their contemporary embryos developing in vivo
(M claren and Biggers, 1958; Bow m an and M claren, 1970; Anderson and Foote, 1975;
H arlow and Quinn, 1982; Fischer, 1987; Turner et al., 1990; Ellington et al., 1990). The
com prom ise in the developm ental capacity o f the m am m alian preim plantation em bryos
cultured in vitro is now thought to occur primarily at the in vitro developm ental block
stage and is believed to be related to the composition o f the culture medium. Altered
levels o f energy substrates and phosphate in the culture medium have been cited as the
prim ary problem in the m ouse and hamster (Brinster and Thom son, 1966; Bavister,
1987; Schini and Bavister, 1988; Chatot et al., 1989; Bavister, 1990).

The lactate to

pyruvate ratio (Brinster, 1965a, 1965b; Biggers et al., 1967; Cross and Brinster, 1973;
Chatot et al., 1989) and the form ation o f free radicals in the culture medium (W hitten,
1971; Tervit, 1972; Abram czuk et al., 1977; Quinn and Harlow, 1978; Toyoda et al.,
1989; Nonogaki et al., 1992) have been suggested to affect the ability o f pre-block
m am m alian embryos to progress through the developmental block in vitro.
The somatic cells in the reproductive tract o f the fem ales have been shown to
produce growth factors that may be involved in the in vivo developm ent o f the
preim plantation m am m alian embryos (Oliphant et al., 1984; Letcher et al., 1989;
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Sim m en et al., 1993) and the lack o f these growth factors may also be responsible for the
com prom ised developm ental capacity o f the embryos cultured in vitro. (K apur and
Johnson, 1986; Simmen et al., 1988, 1989, 1991; Brigstock et al., 1989; Ko et al., 1991;
Geisert et al., 1991; Simmen et al., 1992).
A variety o f co-culture systems have been used to enable the preim plantation
m am m alian embryos to overcom e the in vitro developmental block by m im icking the in
vivo environm ent. These system s include somatic cells from the reproductive tract, such
as oviduct cells (Kuzan and W right, 1982; Rexroad and Powell, 1986, 1988; Gandolfi
and Moor, 1987; Eyestone and First, 1989; Ellington et al., 1990; Prichard et al., 1992),
uterine fibroblast and epithelial cells (Kuzan and W right, 1981; A llen and W right, 1984;
Voelkel et al., 1985; W iem er et al., 1988, 1989), granulosa cells (Goto et al., 1988,
1989; Fukui and Ono, 1989; Zhang et al., 1991) and trophoblastic vesicles (Cam ous et
al., 1984; Heym an and M enezo, 1987; Heyman et al., 1987: Pool et al., 1988). Other
cells o f nonreproductive origin have also been used in successful co-culture system for
m am m alian embryos (see review by Godke et al., 1993). M ost o f the co-culture system s
are beneficial to in vitro em bryo development, further suggesting a stim ulatory role of
growth factors in the preim plantation developm ent o f m am malian embryos.
Recent studies indicate that embryo-derived growth factors m ay also be involved
in the early developm ent o f the m ammalian embryos and that the dilution o f the growth
factors in the culture medium may contribute to the com prom ised in vitro developm ent
(Heyner et al., 1993; Gandolfi, 1994).

The murine embryonic cells produce growth

factors during middle and late gestation stages (see review by Hill et al., 1987).
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Preim plantation m ouse em bryos produce growth factors, such as IGF-II (Rappolee et al.,
1990), transform ing growth factor-a (T G F-a), platelet-derived grow th factor (PDGF)
(Rappolee et al., 1988) and transform ing growth factor-p (TGF-P) (Rappolee et al.,
1988; Paria et al., 1992). W atson et al. (1992) have reported that bovine preim plantation
em bryos express T G F -a, TG F-p, IGF-I, IGF-II and PDGF from the 1-cell to the
blastocyst stage.
In addition to growth factor ligand, preim plantation mouse em bryos also express
growth factor receptors such as insulin, IGF-I and epidermal grow th factor (EGF)
receptors at as early as the 8-cell stage (Rosenblum et al., 1986; M attson et al., 1988;
Rappolee et al., 1990), IGF-II receptor from the late 2-cell stage through to the
blastocyst stage (Harvey and Kaye, 1991).

Bovine preim plantation embryos express

insulin, IGF-I and IGF-II receptors from the 1-cell through the blastocyst stage (W atson
et al., 1992).

A ddition o f exogenous growth factors in culture medium has been shown

to stim ulate the growth and developm ent o f the preim plantation m am m alian embryos
(Harvey and Kaye, 1988 and 1990; Wood and Kaye, 1989;

Paria and Dey, 1990;

G ardner and Kaye, 1991). M ouse embryos have been reported to stim ulate their own
developm ent in a paracrine m anner w hen cultured in group in a m icrodroplet o f culture
m edium (Schini and Bavister, 1988; Paria and Dey, 1990).
It seem s likely that the growth factors produced by preim plantation em bryos may
play a role in the developm ent o f these embryos through the in vitro developm ental
block. The objective o f this study is to test this hypothesis by evaluating the effect o f
post-block m ouse and bovine embryos on the developm ent o f pre-block em bryos in
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culture, to evaluate the species specificity o f the effect o f the post-block em bryos and to
evaluate the possible synergism between the post-block embryos and som atic cells in
stim ulating the development o f pre-block embryos.
M ATERIALS AND M ETHODS

Superovulation and Mouse Embryo Collection
ICR fem ale mice of 4 to 6 weeks o f age were given a peritoneal injection o f 5 IU
equine chorionic gonadotropin (eCG, Sigma, St. Louis, M O) at 2 pm and 5 IU hum an
chorionic gonadotropin (hCG, Sigma) 48 hours later. The female mice were paired with
ICR stud male mice immediately after the hCG treatm ent and m ating was determ ined by
the presence o f vaginal plugs in the next morning. M ouse embryos were harvested from
the mated female mice at day-2 and 3 after m ating by flushing the oviducts o f the
females with phosphate-buffered saline (PBS) supplem ented with 5% fetal bovine serum
(FBS). The 2-cell and 8-cell stage m ouse embryos were washed and then m aintained in
PBS with 5% FBS at 39°C in 5% C 0 2 in an atm osphere o f hum idified air before
co-culture.

In Vitro Maturation and Fertilization of Bovine Oocytes
The in vitro maturation and fertilization o f bovine oocytes was conducted as
described by Zhang et al. (1992).

Ovaries were collected from a local abattoir and

transported to the laboratory (within 6 hours) in PBS medium with 1% FBS and 100
IU/ml penicillin and 100 pg/ml streptomycin at 20 to 30°C. Cum ulus-oocyte com plexes
were aspirated from 3 to 8 mm follicles with an 18 gauge needle.
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Good quality cum ulus cell-intact oocytes were washed two tim es with serum -free
Tissue Culture M edium (T C M -I99) and then m atured in TCM -199 with 10% FBS in
5% C 0 2 in an atmosphere o f hum idified air at 39°C for 22 hours (Fig. 2). The m atured
oocytes were then fertilized with frozen-thawed bovine sperm cells (5 x l0 6 sperm
cells/m l) pre-treated with 10 mM caffeine (Sigma, St. Louis, M O) and .1 pM calcium
ionophore A -23187 (Simga) for 6 hours. Fertilization was conducted in m icrodroplets
o f 100 pi Brackett and Oliphant medium (B -0 m edium) (Brackett and Oliphant, 1975)
with 5 mM caffeine (Simga) and 1% bovine serum album in (BSA, Fraction-IV, Sigma)
covered with mineral oil equilibrated with 5% C 0 2 in a 35 mm petri dish (Nunc,
France). The fertilized oocytes were washed with TCM -199 with 10% FBS and then
cultured in TCM -199 with 10% FBS in 5% C 0 2 in an atm osphere o f hum idified air at
39°C for 48 hours before the co-culture.

Preparation of Granulosa Cell Monolayer
The granulosa cells collected from the follicles during oocyte aspiration were
washed

with TCM -199

supplem ented

centrifugation at 500X g for 5 minutes.

with

10%

FBS

and then

recovered by

The cell pellet was suspended in 5 ml o f

TCM -199 with 10% FBS and then seeded on a 4-well culture plate (Nunc, France) in
droplets o f 50 pi TCM -199 w ith 10% FBS covered with mineral oil. The cells were
cultured at 39°C in 5% CO, in an atm osphere o f hum idified air, and usually formed
confluent cell monolayers within 2 days.

^

Aspirate

o

Oocyte

I
1

M ature +
Inseminate

Fertilization
|

W ash

Culture
Figure 2. IVM and IVF of bovine oocytes
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Preparation of Conditioned Medium
A group o f ten 8-cell ICR m ouse em bryos were cultured in droplets o f 50 pi
TCM -199 w ith 10% FBS covered with equilibrated mineral oil at 39°C in 5% C 0 2 in an
atm osphere o f hum idified air for 24 hours. The m ouse em bryos were then rem oved at
the end o f the culture interval and the droplet o f m edium without the m ouse em bryos
was left as the m ouse em bryo-conditioned medium.
To prepare the granulosa cell-conditioned m edium, the granulosa cells prepared
as described above were seeded in droplets o f 50 pi TCM -199 supplem ented with 10%
FBS and then cultured at 39°C in 5% C 0 2 in an atm osphere o f hum idified air for 48
hours. The m edium in the droplets was changed with fresh m edium and the cells were
allowed to culture for another 24 hours. The m edium o f the droplets was then carefully
removed by using a small bore glass pipette (20 pm in diam eter) and pooled together to
use as the granulosa-conditioned medium.
To prepare the m edium conditioned by both a granulosa cell m onolayer and
8-cell m ouse embryos, 8-cell m ouse em bryos were added to the granulosa cell
monolayers at the tim e the m edium was changed.

The granulosa cells and the 8-cell

embryos were allowed to culture for another 24 hours and the m edium was then
carefully taken out to use as the granulosa cell/m ouse em bryo-conditioned m edium.

Preliminary Trial: Effect of Bovine Embryo Co-Culture
In a preliminary trial to test the effect o f post-block bovine em bryos on the
developm ent o f 1-cell bovine em bryos in co-culture, 74 IVF-derived 1-cell bovine
embryos were random ly allocated to two treatm ents as follows: (A) 1-cell bovine
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em bryos (n=37) cultured in m edium alone as the control and (B) 1-cell bovine embryos
(n=37) co-cultured with bovine blastocysts. The embryos were cultured in TCM -199
supplem ented with 10% FBS at 39°C in an atm osphere o f 5% C 0 2 in hum idified air for
10 days.

Experiment I. Development of Pre-Block Embryos
Blastocysts

Cultured with

Bovine

To test the possibility that the growth factors in the serum m asked the effect o f
bovine blastocysts in the prelim inary trial, serum -rich TCM -199, serum -free TCM -199
and W hitten's m edium were chosen for the subsequent experiment.

A total o f 270

IVF-derived 8-cell bovine em bryos were random ly allocated into nine treatm ent groups
(n=30) using a factorial arrangem ent (Table 3). The bovine embryos were cultured in
TCM -199 with 10% FBS, serum -free TCM -199 or W hitten's m edium at 39°C in an
atm osphere o f 5% C 0 2 in hum idified air for 10 days.

Experiment II. Development of Embryos Cultured with Post-Block Embryos
To test the species specificity o f the interaction between the pre-block em bryos
and post-block embryos around the in vitro developm ental block stage, 8-cell bovine
em bryos were co-cultured w ith post-block m ouse and bovine embryos. A group o f 114
IVF-derived 8-cell bovine em bryos were collected and random ly allocated into three
treatm ents as following: (A) 8-cell bovine embryos (n=48) co-cultured w ith ten 16-cell
bovine embryos, (B) 8-cell bovine embryos (n=48) co-cultured with ten 8-cell m ouse
em bryos and (C) 8-cell bovine embryos (n=48) cultured in m edium alone as the control
(Table 4). The 16-cell bovine embryos were em bedded in 1% agarose gel before being
placed in the culture droplets to be distinguished later from the em bryos derived from
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Table 3. Experimental design (Experiment I)

(n)

Trt
A
B
C
D
E
F
G
H
I

BLST
BLST-CM
Control
BLST
BLST-CM
Control
BLST
BLST-CM
Control

30
30
30
30
30
30
30
30
30

BlastocystSerum -rich Serum-free W hitten's Bovine conditioned
TCM -199 TCM -199 medium blastocyst m edium
+
+
+
-

_

_

+
+
+
-

-

+
+
+

B L S T = bIastocyst, B L S T -C M = b lastocyst-con d ition ed m edium .

+
+
+
+
+
+
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Table 4. Experimental design (Experiment II)

Trt
A
B
C

8-Cell bovine
em bryos ^
+
+
+

W hitten's
16-Cell bovine 8-Cell m ouse
medium
em bryos
embryos
48
48
48

+
+
+

+
'

+

the 8-cell bovine embryos. The bovine and m ouse em bryos were cultured in droplets o f
50 pi o f W hitten's m edium covered with m ineral oil equilibrated w ith 5% C 0 2. All the
experim ents were incubated in an atm osphere o f 5% C 0 2 in hum idified air at 39°C for 5
days.

Experiment III. Development o f Mouse Embryos Cultured with Post-Block
Embryos
To evaluate the effect o f either post-block m ouse or bovine em bryos on the
developm ent o f pre-block m ouse embryos, early 2-cell m ouse em bryos w ere random ly
allocated into one o f three treatm ents: (A) 2-cell m ouse em bryos (n=40) co-cultured with
8-cell m ouse embryos, (B) 2-cell m ouse em bryos (n=40) co-cultured with 16-cell bovine
em bryos and (C) 2-cell m ouse embryos (n=40) cultured in m edium alone serving as a
control (Table 5). The em bryos were cultured in droplets o f 50 pi W hitten's m edium at
39°C for 72 hours. Each droplet contained four to six 2-cell m ouse em bryos and/or four
to six 8-cell m ouse embryos or 16-cell bovine embryos.

Experiment IV. Development of Bovine Embryos Co-Cultured with Mouse
Embryos and/or Bovine Granulosa Cells
Granulosa cells have been shown to be able to enhance the developm ent o f
IVF-derived embryos (Goto et al., 1988; Fukuda et al., 1989; Zhang et al., 1992) and are
widely used for the co-culture o f IVF-derived bovine embryos. To com pare the effect o f
the post-block m ouse em bryos with that o f the granulosa cells on the developm ent o f
IVF-derived bovine embryos, pre-block bovine embryos were co-cultured with
granulosa cells and/or 8-cell m ouse embryos.

A group o f 240 2 to 4-cell bovine

em bryos were random ly allocated into four treatm ents as following: (A) bovine em bryos
(n=60) cultured in TCM -199 m edium alone serving as the control, (B) bovine em bryos
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Table 5. Experimental design (Experiment III)

Trt
A
B
C

2-Cell m ouse
embryos
+
+
+

(n)

W hitten's
medium

8-Cell m ouse
embryos

16-Cell bovine
embryos

40
40
40

+
+
+

+
-

+
“
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(n=60) co-cultured with a bovine granulosa cell m onolayer, (C) bovine em bryos (n=60)
co-cultured with 8-cell mouse em bryos and (D) bovine embryos (n=60) co-cultured with
8-cell m ouse embryos along with a granulosa cell monolayer.

The em bryos were

cultured in m icrodroplets o f 50 pi TCM -199 with 10% FBS in an atm osphere o f 5% C 0 2
in hum idified air at 39°C for 10 days (Table 6) (Figure 3).

Experiment V. Development of Bovine Embryos Co-Cultured with Mouse Embryos
and/or Bovine Granulosa Cells
To test the effect o f m edium conditioned either by m ouse em bryos or granulosa
cells, IVF-derived 8-cell bovine em bryos were random ly allocated into four treatm ents
as follows: (A) fresh TCM -199 with 10% FBS as the control (n=60), (B) TCM -199 with
10% FBS conditioned by a group o f ten 8-cell m ouse em bryos (n=60), (C) TCM -199
with 10% FBS conditioned by a granulosa cell m onolayer (n=60) and (D) TCM -199
w ith 10% FBS conditioned by a group o f ten 8-cell mouse em bryos and a granulosa cell
m onolayer (n=60) (Table 7). The embryos were cultured in TCM -199 with 10% FBS in
an atm osphere o f 5% C 0 2 in hum idified air at 39°C for 10 days.

Culture of Bovine and Mouse Embryos
The culture o f bovine em bryos and/or mouse embryos in Experim ents I to V
were conducted at 39°C in 50 pi droplets o f culture medium covered with m ineral oil in
5% C 0 2 in an atm osphere o f hum idified air. Each droplet o f culture medium contained
8 to 10 IVF-derived bovine em bryos and/or ten m ouse embryos. One h a lf o f the culture
m edium in the droplets was changed at a 48-hour interval. The embryo developm ent
was evaluated at a 48-hour interval under a N ikon inverted m icroscope (20X and 40X).
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Table 6. Experimental design (Experiment IV)

Trt
A
B
C
D

2 to 4-Cell
bovine embryo

(n)

TCM -199
medium

+
+
+
+

60
60
60
60

+
+
+
+

Granulosa
cells

8-Cell m ouse
embryo
-

+
-

+

+
+
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Treatm ent A

o ooo
Treatm ent C

-60 O°Q0Q<6

Treatm ent B

D roplet o f
5 0 ul T C M -199

Bovine
embryos

Granulosa
cells
Mouse
“ embryos

0

0

0

1 i i i ri

Treatm ent D

dSSh
tn r “

Figure 3. Experimental procedure (Experiment IV).
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Table 7. Experimental design (Experiment V)

Trt
A
B
C
D

8-Cell bovine
em bryos
-f-

+
+

60
60
60
60

TCM -199
medium

Granulosa
ce^
conditioned

8-Cell m ouse
embryo
conditioned

+
+
+
+

+
+

+
+
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Statistical Evaluation
Chi-square statistical analysis was used to com pare the embryo developm ental
rates at different m orphological stages among the treatm ents in each experiment. The P
value was set at the .05 level.
RESULTS

Preliminary Trial
There was no significant difference in the developm ental rate either to the m orula
stage (30% vs. 24%) or to the blastocyst stage (19% vs. 14%) between the 1-cell bovine
em bryos co-cultured with bovine blastocysts and those cultured in TCM -199 with 10%
FBS alone in the control treatment.

Experiment I. Development of Pre-Block Embryos Cultured with
Blastocysts
W hen

cultured

in

TCM -199

supplem ented

with

10%

FBS

Bovine

(serum-rich

TCM -199), there was no significant difference in the developmental rates am ong the
8-cell bovine embryos co-cultured with bovine blastocysts (Treatm ents A), cultured in
bovine blastocyst-conditioned serum -rich TCM -199 (Treatm ent B) and those cultured in
fresh serum -rich TCM -199 (Treatm ent C) either at the 16-cell stage (80% 63% and 57%,
respectively), at the m orula stage (60%, 47% and 43%, respectively) or at the blastocyst
stage (27%, 17% and 23%, respectively) (Table 8).
W hen cultured in TCM -199 without FBS (serum-free TCM -199), significantly
m ore 8-cell bovine embryos co-cultured with bovine blastocysts in Treatm ent D
developed to 16-cell stage than those cultured in serum-free TCM -199 alone (Treatm ent
F) (60% v.v. 27%).

There was no significant difference in the developm ental rates at
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Table 8. Development o f IVF-derived bovine 8-cell embryos co-cultured
with bovine blastocysts in serum-rich TCM-199, serum-free
TCM-199 or in Whitten's medium in vitro
Development
Trt
A
B
C
D
E
F
G
H
I

BLST
BLST-CM
Control
BLST
BLST-CM
Control
BLST
BLST-CM
Control

M edium

(n) 16-Cell (%)

Serum-rich
TCM -199

30
30
30
30
30
30
30
30
30

Serum-free
TCM -199
W hitten's
m edium

M orula (%)

24(80% )3
19(63% )ab
17(57% )ab
18(60% )ab
14(47% )bc
8(27%) c
22(73% )ab
22(73% )ab

18(60%)“
14(47%)abc
13(43%yibc
10(33%)bc
7(23% )c
5(17%) c
16(53% )ab
14(47% )abc

15(50%)bc

7(23% ) c

BLST (%)
8(27% )a
5(17% )ab
7(23% )a
3(10% )ab
1(3%) b
1(3%) b
7(23% )a
4( 13% )ab
0(0% ) b

a"d D ifferen t superscripts w ithin the sam e colu m n are sig n ifica n tly different (P < .0 5 ).
B L S T = b la sto cy st, B L S T -C M = b lastocyst con d ition ed m edium .
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m orula stage am ong the 8-cell bovine em bryos co-cultured with bovine blastocysts
(Treatm ent D), cultured in blastocyst-conditioned medium (Treatm ent E) or cultured in
serum -free TCM -199 alone (Treatm ent F) (33%, 23% and 17%, respectively). There was
no significant difference in their developm ental rates at the blastocyst stage among
Treatm ents D, E and F (10%, 3% and 3%, respectively).
W hen cultured in W hitten's m edium, there was no significant difference among
the 8-cell bovine em bryos co-cultured with bovine blastocysts (Treatm ent G), cultured in
bovine blastocyst-conditioned W hitten's m edium (Treatment H) or those cultured in
fresh W hitten's m edium (Treatm ent I) (73%, 73% and 50%, respectively). The
developm ental rates o f the 8-cell bovine em bryos in Treatm ent G at the m orula stage
were significantly greater than those cultured in W hitten's medium alone in Treatm ent I
(53% vs. 23%). Significantly m ore blastocysts resulted from the 8-cell bovine embryos
co-cultured with bovine blastocysts in Treatm ent G than from those cultured in
W hitten's m edium alone in Treatm ent I (23.3% vs. 0%). The developm ental rates o f the
8-cell bovine em bryos cultured in bovine blastocyst-conditioned W hitten's medium in
Treatm ent H tended to be greater than those o f 8-cell bovine em bryos cultured in
W hitten's m edium alone in Treatm ent I (P < .10) either at m orula stage (47% and 23%)
or at the blastocyst stage (13% and 0%).

Experiment II. Development of Bovine Embryos Cultured with Post-Block
Embryos
There was no significant difference in the developm ental rates at the 16-cell
stage am ong the 8-cell bovine embryos co-cultured with 16-cell bovine embryos,
co-cultured with 8-cell m ouse embryos and those cultured in m edium alone in the
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control (63% and 77% vs. 60%, respectively) (Table 9). However, significantly more
8-cell bovine em bryos co-cultured with 8-cell mouse embryos developed to the morula
stage than those cultured in m edium alone (52% vs. 31%). There was not significant
difference in the developm ental rate at the morula stage between the 8-cell bovine
em bryos co-cultured with bovine 16-cell embryos and those cultured in m edium alone
(40% vs. 31%). Significantly m ore blastocysts resulted from the 8-cell bovine embryos
co-cultured with the 8-cell m ouse embryos than those co-cultured with 16-cell bovine
em bryos or cultured in medium alone (10% vs. 0% and 0%) (Figure 4).

Experiment III. Development of Mouse Embryos Cultured with Post-Block
Embryos
There was no significant difference in the developmental rate to 4-cell stage
am ong the 2-cell m ouse embryos co-cultured with 8-cell mouse embryos (Treatm ent A),
those cultured with 16-cell bovine embryos (Treatment B) or those cultured in medium
alone (Treatm ent C) (45%, 53% and 35%) (Table 10).

However, significantly more

2-cell m ouse em bryos developed to the 8-cell stage when co-cultured with either 8-cell
m ouse em bryos (28%) or with bovine 16-cell embryos (40%) than those cultured in
m edium alone in the control group (10%).

Significantly more 2-cell m ouse embryos

reached the m orula stage in Treatm ent B than in Treatment C (33% v.y. 8%).

More

blastocysts resulted from the 2-cell mouse embryos co-cultured with 16-cell bovine
em bryos than those cultured in medium alone (25% v.y. 8%). The developm ental rate at
the m orula stage o f the 2-cell m ouse embryos co-cultured with 8-cell m ouse embryos
tended to be greater than those cultured in medium alone (13% vs. 8%) (Figure 5).

Table 9. Effect of post-block mouse or bovine embryos on the develop
ment of 8-cell bovine embryos in co-culture

Trt
A
B
C

(n)
B8/B16
B8/M8
B8

48
48
48

16-Cell

M orula

Blastocyst

(% )

(% )

(% )

30(63% )a
37(77%)a
29(60% )'

19(40% )ab
25(52% )“
15(31 % ) b

0 (0 % )“

5(10% )b
0 (0 % ) a

a-b D ifferent superscripts w ithin the sam e group are sig n ifica n tly different (P < .0 5 ).
B 8 /B 1 6 = 8 -c e ll b ovin e em b ryos co-cu ltu red w ith 16-ceII b ovin e em bryos, B 8 /M 8 = 8 -c e ll
b ovin e em bryos co-cu ltu red w ith 8 -c ell m ou se em bryos, B 8 = 8 -c e ll b o v in e em bryos
cultured in m edium alon e as the control.
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Hi B 8/B 16
■ B 8/M 8
□ B8

Developmental Rate (%)

(n= 48/grou p)

16-Cell

M orula

B lastocyst

Developmental Stage
a-bD ifferen t superscripts w ithin the sam e group are sign ifican tly different (P < .05).
B 8 /B 1 6 = b o v in e 8 -c e ll em b ryos co-cultured w ith b ovin e 16-cell em bryos, B 8 /M 8 = b o v in e 8 -c ell
em b ryos co-cu ltu red w ith m ou se 8 -c ell em bryos, B 8 = b o v in e 8 -c ell em b ryos cultured in m edium
alon e as the control.

Figure 4. Effect of post-block mouse or bovine embryos on the development of
8-cell bovine embryos in co-culture.

Table 10. Effect of post-block mouse or bovine embryos on the
development of 2-cell mouse embryos in co-culture
4-Cell
Trt
A
B
C

(n)
M2/M8
M 2/B16
M2

40
40
40

(%)
18(45% )a
21(53% )a
14(35% )a

8-Cell
(%)
11 (28% )a
16(40%)a
4(10%) b

M orula
(%)
8(20%) ab
13(33%) a
3(8%) b

Blastocyst
(%)
5(13% )ab
10(25% )a
3(8% ) b

a’bD ifferent superscripts w ithin the sam e group are sign ifican tly different (P < .0 5 ).
M 2 /M 8 = 2 -c ell m ou se em bryos co-cu ltu red w ithten 8 -c ell m o u se em bryos, M 2 /B 1 6 = 2 -c e ll
m o u se em b ryos co-cu ltu red with 16-cell b ovin e em bryos, M 2 = 2 -c ell m ou se em b ryos cultured
in m edium alon e (control).
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M 2/M 8
M 2 /B 1 6
□ M2

Developmental Rate (%)

(n = 40/grou p )

4-C ell

8-Cell

Morula

Blastocyst

Developmental Stage
a-b D ifferen t superscripts w ithin the sam e group are sign ifican tly different (P < .0 5 ).
M 2 /M 8 = 2 -c e ll m ou se em b ryos co-cu ltu red w ith ten 8 -c ell m ou se em b ryos, M 2 /B 1 6 = 2 -c e ll
m o u se em b ryos co-cu ltu red w ith 16-cell b ovin e em bryos, M 2 = 2 -c ell m o u se em b ryos cultured
in m ed iu m alon e (control).

Figure 5. Effect of post-block mouse or bovine embryos on the development
of 2-cell mouse embryos in co-culture.
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Experiment IV. Development of Bovine Embryos Co-Cultured with Mouse
Embryos and/or Bovine Granulosa Cells
There was no significant difference in the developm ental rates am ong the
IVF-derived 2 to 4-cell bovine embryos in different treatm ent groups before and at the
m orula stage (Table 11). However, more bovine embryos developed to blastocysts when
they were co-cultured with a granulosa cell m onolayer in Treatm ent B, w ith 8-cell
m ouse em bryos in Treatm ent C or with both mouse embryos and a granulosa cell
m onolayer in Treatm ent D than those cultured in medium alone in Treatm ent A (13%,
13% and 20% vs. 3%). The only hatched blastocysts in this experim ent resulted from
the bovine embryos co-cultured with both mouse embryos and granulosa cells (7%)
(Figure 6). In Treatments C and D, 70% o f the mouse embryos developed to the egg
cylinder stage, and 40% developed beyond the egg cylinder stage in Treatm ent D. One
o f the m ouse em bryos in Treatm ent D developed a beating heart, blood islets and three
brain vesicles and remained alive in vitro for two months.

Experiment V: Development of 8-Cell Bovine Embryos in Conditioned Medium
There was no significant difference in the developmental rates at any stages from
the 16-cell to blastocyst stage among the 8-cell bovine em bryos cultured in fresh
m edium (Treatm ent A), in granulosa cell-conditioned medium (Treatm ent B), in m ouse
em bryo-conditioned medium (Treatment C) and in mouse embryo and granulosa
cell-conditioned m edium (Treatm ent D).

W hen cultured in fresh m edium (Treatm ent

A), 20 o f 60 (33% ) 8-cell bovine embryos developed to the m orula stage and 5 (8.3% )
developed to the blastocyst stage.

W hen cultured in medium conditioned by 8-cell

m ouse em bryos, 18 o f 60 (30%) 8-cell bovine embryos reached m orula stage and 5

76

Table 11. Enhanced development o f 2 to 4-cell bovine embryos co-cultured
with mouse embryos and/or granulosa cells
G ranulosa Mouse
embryos (n)
Trt
cells
A
B
C
D

-

+

-

+

+
+

60
60
60
60

8-Cell

16-Cell

M orula

BLST

H BLST

(%)

(%)

(%)

(%)

(%)

3 6 (6 0 % )“
3 9 (6 5 %)a
4 4(73% ) a
42(70% )a

2 8 (4 7 % )“
31(51 %)a
34 (5 7 % )a
32 (5 3 % )a

0 a
16(27% )“ 2 (3 % )a
0
a
18(30% )d 8(13% )
0 a
23(38% )a 8(13% )b
1 9 (3 2 % / 12(20% )b 4 (7 % )b

“.^D ifferent superscripts w ithin the sam e group are sig n ifica n tly different (P < .05).
B L S T = bIastocyst, H B L ST = hatched blastocyst.

Developmental Rate (%)
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|

B2

gg

B 2/G C

□

B 2 /M 8

□

B 2/G C + M 8

(n = 6 0 /g ro u p )

a
8 -C e ll

1 6 -C e ll

M oru la

B la sto c y st

a

a

H a tch ed b la sto c y st

Developmental Stage
a,b

D ifferent superscripts w ithin the sam e group are sign ifican tly different (P < .0 5 ).

B 2= 2 to 4 -c ell b ovin e em bryos cultured in m edium alon e as the control, B 2/G C = 2 to 4 -c e ll b ovin e
em bryos co-cultured w ith granulosa c ells, B 2 /M 8 = 2 to 4 -c ell b ovin e em b ryos co-cu ltu red w ith
8 -c ell m o u se em bryos, B 2 /G C + M 8= 2 to 4 -c e ll b ovin e em bryos co-cu ltu red w ith 8 -c e ll m o u se
em b ryos and granulosa cells.

Figure 6. Enhanced development of bovine embryos co-cultured with mouse
embryos and/or granulosa cells.
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(8.3%) developed to the blastocyst stage. O f the 60 bovine em bryos cultured in m edium
conditioned by a granulosa cell m onolayer (Treatm ent B), 16 (26.6% ) developed to the
m orula stage and 3 (5%) to blastocyst stage. Finally, 14 o f 60 (23.3% ) bovine embryos
developed to m orula stage and 6 (10%) developed to the blastocyst stage when the
embryos were cultured in m edium conditioned by both m ouse em bryos and granulosa
cells (Treatm ent D).
DISCUSSION
The results o f this study indicate that post-block m ouse em bryos were able to
stim ulate the developm ent o f pre-block m ouse embryos during in vitro culture. Mouse
embryos have been reported to express growth factors such as IGF-II from the 2-cell
through blastocyst stage (Heyner et al., 1989; Rappolee et al., 1990), TGF-P from the
4-cell through to blastocyst stage (Rappolee et a l., 1988; Paria et a l., 1992) and PDGF
and T G F -a at the blastocyst stage (Rappolee et a l., 1988).

The T G F -a, TGF-P and

IGF-II have been shown to stim ulate the growth and developm ent o f preim plantation
mouse embryos (W ood and Kaye, 1989; Paria and Dey, 1990; Darik and Schultz, 1991;
Rappolee et al., 1992).

It may be possible that the post-block m ouse em bryos secrete

growth factors into the culture m edium to exert a stim ulatory effect on the developm ent
o f pre-block mouse embryos.
Post-block bovine em bryos were found to stim ulate the developm ent o f the
pre-block bovine embryos in culture.

The developm ental rate o f the 8-cell bovine

embryos cultured in W hitten's m edium alone was significantly lower than that o f those
cultured in serum-rich TCM -199 alone.

Flowever, when co-cultured w ith the bovine
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blastocysts in W hitten's m edium, the 8-cell bovine embryos developed to the blastocyst
stage at a sim ilar rate as those cultured in serum -rich TCM -199. This finding suggests
that the stim ulatory effect o f the bovine blastocysts was equivalent to the effect o f 10%
fetal bovine serum added to the culture medium. Preim plantation bovine em bryos have
been shown to express both growth factor ligand and receptors from the 1-cell stage
through to the blastocyst stage (W atson et al., 1992). Exogenous growth factors have
been reported to stim ulate the developm ent o f IVF-derived bovine em bryos in vitro
(Larson et al., 1992a, 1992b, 1992c; Zhang et al., 1992; Thibodeaux et al., 1993a,
1993b). The growth factors produced by the post-block bovine embryos m ight be the
m ediator o f the stim ulatory effect in co-culture.
The stim ulatory effect o f the post-block m ouse em bryos was not species specific
in the present study. The post-block mouse embryos enhanced the developm ent o f the
pre-block bovine embryos. Furthermore, the post-block bovine embryos were also able
to stim ulate the developm ent o f the pre-block mouse embryos.

The cross-species

stim ulatory effect o f the post-block mouse and bovine embryos on the developm ent o f
the pre-block em bryos implies a possible comm on m echanism controlling the in vitro
developm ental block in m am malian preim plantation embryos and the involvem ent o f
grow th factors released by the post-block embryos in this stim ulatory effect.
Bovine granulosa cells stim ulate the developm ent o f IVF-derived bovine
em bryos in vitro (Goto et al., 1988 and 1989; Fukui and Ono, 1989; Zhang et al., 1992).
The results in the present study also verify that bovine granulosa cells are suitable for the
culture o f the IVF-derived bovine embryos. Furthermore, bovine granulosa cells were
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able to function in a cooperative m anner w ith post-block m ouse em bryos to support the
developm ent o f pre-block bovine embryos. One possibility is that this synergism was a
result o f a stim ulatory effect o f bovine granulosa cells on the developm ent o f the
post-block mouse embryos. The m ouse embryos cultured on the bovine granulosa cell
m onolayer developed m uch better and expanded to a larger diam eter than those cultured
in m edium alone in this study. W ell-developed m ouse em bryos cultured on the bovine
granulosa cell m onolayer likely produced m ore growth factors, which further stim ulated
the developm ent o f the pre-block bovine embryos.
Based on the results in the present study, we conclude that post-block m ouse and
bovine embryos were able to stim ulate the developm ent o f the pre-block em bryos in
vitro.

The stimulatory effect o f the post-block em bryos is not species-specific.

The

stim ulatory effect o f the post-block embryos was apparently synergistic w ith that o f the
bovine granulosa cells. Furtherm ore, the results in the present study show that the
com bination o f m ouse em bryos with somatic cells may provide a novel co-culture
system that has an advantage to that o f somatic cell co-culture alone. This may provide
an alternative co-culture system in situations where the viability o f the cultured em bryos
is the first concern and a pathogen-free embryo culture environm ent is strictly required.

CHAPTER IV
EFFECT OF BLASTOMERIC INTERACTION ON PRE-BLOCK
MOUSE AND BOVINE EMBRYO DEVELOPMENT
INTRODUCTION
It has been proposed that individual blastom eres com m unicate and interact with
each other w ithin developing preim plantation em bryos (Jonhson et al., 1985).

The

contact betw een the individual cells within the embryos is one means o f com m unication
betw een blastomeres, and has been proposed to be im portant for embryo developm ent
(M intz, 1965; Tarkowski and W roblewska, 1967; Hillm an et al., 1972). Changes in the
contact betw een blastomeres has been shown to affect cell behavior (Kim ber and Surani,
1981; Kim ber et al., 1982), cell polarization (Handyside, 1980; Ziom ek and Johnson,
1980, 1981, 1982, 1983; Surani and Barton, 1984) and the fate o f the individual
blastom eres w ithin developing embryos (Hillm an et al., 1972; Johnson and Pratt, 1983;
Johnson, 1985).
Tight and gap junctions are formed at the tim e o f com paction at the 8-cell stage
in the preim plantation m ouse em bryos (Ducibella and Anderson, 1975; M agnuson et al.,
1977; Flem ing et al., 1989).

Gap junctions allow the com m unication between

blastom eres after the 8-cell stage in m ouse embryos while cytoplasm ic bridges are
responsible for the com m unication between blastom eres from the 2-cell to 8-cell stage
(Lo and Gilua, 1979).
Preim plantation m am m alian embryos may also secrete growth factors to regulate
the developm ent o f each other (see review by Heyner et al., 1993; Gandolfi, 1994). This
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autocrine/paracrine activity m ay also be im portant for the synchronized developm ent o f
the individual blastomeres after the cytoplasm ic bridges disappear (Lo and Gilua, 1979).
The improved developm ent o f m ouse parthenogenones in chim eric em bryos
dem onstrates the

importance

embryogenesis (Surani et al.,

o f blastomeric
1987).

comm im ication

and

interaction

in

Diploid parthenogenetic m ouse em bryos

developed, at best, to the 25-som ite stage (Niem ierko, 1975; Kaufm an et al., 1977;
M odlinski, 1980; Borsuk, 1982; Surani and Barton, 1983).

It was shown that the

inviability in developm ent o f mouse parthenogenones was determ ined by pronuclei, not
by ooplasm (M ann and Lovell-Badge 1984; Barra and Renard, 1988). Both paternal and
m aternal genomes are required to support the full term developm ent o f m ouse embryos,
with the paternal genome controlling the developm ent o f extraem bryonic tissues and the
maternal genome controlling the embryogenesis (M cGrath and Softer, 1984; Barton et
al., 1984; Surani et al., 1984). Genom e im printing during gam etogenesis is thought to
be responsible for the functional difference o f parental genom es during em bryogenesis
(Surani et al., 1990).
Although mouse parthenogenones are unable to com plete em bryogenesis
independently, parthenogenetic m ouse embryos are apparently capable o f developing to
chim eric adults with extensive contribution from the parthenogenetic cells to all the
tissue and organs when com bined with normal fertilized em bryos (Surani et al., 1977;
Stevens et al., 1977; Stevens, 1978; Anderegg and M arkert, 1986).

The interaction

betw een parthenogenetic and normal blastom eres in the chim eric em bryos is proposed to
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be im portant in the developm ent o f the chim eric fetuses (Surani et al., 1987; Thom son
and Solter, 1988, 1989).
Parthenogenetic activation o f bovine oocytes has been induced by a num ber o f
m ethods with a relatively high activation rate (Nagai, 1987; Presicce and Yang, 1994;
Goto et al., 1994; Aoyagi et al., 1994; Boediono and Suzuki, 1994).

However, the

preim plantation developm ent o f parthenogenetic bovine embryos is poor (Nagai, 1987;
Presicce and Yang, 1994; Goto et al., 1994; Aoyagi et al., 1994; Boediono and Suzuki,
1994), and no postim plantation developm ent o f parthenogenetic bovine em bryos has
been firm ly established. Thus, parthenogenetic bovine embryos provide a good model
for the study o f the role o f blastomeric interaction in preim plantation embryo
developm ent.
The objective o f the present study was to evaluate the effect o f blastomeric
interaction on the developm ent o f pre-block parthenogenetic bovine em bryos by using
reconstructed chim eric bovine parthenogenetic embryos as a model.
M ATERIALS AND M ETHODS

Superovulation and Collection of Mouse Embryos
Superovulation o f ICR female mice (4 to 6 weeks old) was induced by the
treatm ent o f a peritoneal injection o f 5 IU o f equine chorionic gonadotropin (eCG,
Sigma, St. Louis, M O) and 5 IU hum an chronic gonadotropin (hCG, Sigma), 48 hours
later.

The female mice were housed with ICR male mice im m ediately after the hCG

treatm ent (male : female = 1:1 in each cage), and m ating was determ ined by the presence
o f vaginal plugs the next morning.

M ouse embryos were collected from the mated
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fem ales by flushing the oviducts with phosphate-buffered saline (PBS) supplem ented
w ith 5% fetal bovine serum (FBS).

In Vitro Maturation and Fertilization of Bovine Oocytes
Bovine ovaries collected from a local abattoir were m aintained in PBS m edium
w ith 5% FBS and 100 IU/ml penicillin and 100 pg/m l streptom ycin at 20 to 30°C and
transported to the laboratory within 6 to 8 hours.

Cum ulus-oocyte com plexes were

harvested from 3 to 8 mm follicles from the ovaries with an 18-gauge needle attached to
a 10 m l plastic syringe.

The cum ulus-intact oocytes were washed three tim es with

T C M -199 supplem ented with 10% FBS and then cultured in TCM -199 with 10% FBS at
39°C in 5% CO, in an atm osphere o f hum idified air for 22 hours.
M atured oocytes were then fertilized with frozen-thawed bovine sperm cells by
using the procedure o f Zhang et al. (1991). Briefly, the bovine sperm cells were washed
w ith Brackett and Oliphant medium (B -0 m edium) (Brackett and Oliphant, 1975)
supplem ented with 10 mM caffeine and then capacitated by the treatm ent o f .1 pM
calcium ionophore A-23187 (Sigma) for 1 minute. Fertilization was conducted with 5 x
106/ml bovine sperm cells for 6 hours in the droplets o f 100 pi o f B -0 m edium
supplem ented with 5 mM caffeine and 1% bovine serum album in (BSA, Fraction-IV,
Sigma) covered with mineral oil equilibrated with 5% C 0 2 in a 35 mm petri dish (Nunc,
France). The fertilized oocytes were washed twice with TCM -199 containing 10% FBS
and then cultured in TCM -199 supplem ented with 10% FBS at 39°C in 5% C 0 2 in an
atm osphere o f hum idified air before the m icrom anipulation procedure.
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Parthenogenetic Activation o f Bovine Oocytes
M atured bovine oocytes were treated w ith 7% ethanol in serum -free PBS
m edium for 5 m inutes and then washed thoroughly w ith fresh PBS m edium im m ediately
after the ethanol treatm ent (Figure 7). The oocytes were then cultured in TCM -199 with
10% FBS, 10 pg/m l cytochalsin B and 10 pg/m l cyclohexim ide at 39°C in 5% CO , in an
atm osphere o f hum idified air for 16 hours. The oocytes were thoroughly washed and
then transferred on a granulosa cell m onolayer in TCM -199 with 10% FBS.

Preparation of Granulosa Cell Monolayer
The granulosa cells collected from the follicles o f the ovaries during oocyte
aspiration were washed with TCM -199 w ith 10% FBS and recovered by centrifugation
at 500x g for 5 m inutes. The cell pellet was suspended in TCM -199 w ith 10% FBS and
then seeded on a 4-well culture plate (Nunc, France) in droplets o f 50 pi TCM -199
supplem ented with 10% FBS covered with mineral oil equilibrated with 5% C 0 2. The
granulosa cells were cultured at 39°C in 5% C 0 2 in an atm osphere o f hum idified air for
4 days.

The culture m edium was changed at 48-hour intervals and the cells usually

formed a confluent m onolayer in 2 days.

Experiment I. Development o f 2-Cell Mouse Embryos in Aggregates
Early 2-cell m ouse em bryos were aggregated w ith post-block m ouse or bovine
embryos.

A group o f 223 2-cell mouse em bryos was random ly allocated into three

treatm ents as following: (A) 2-cell m ouse em bryos (n=41) aggregated with 8-cell m ouse
embryos, (B) 2-cell m ouse em bryos (n=41) aggregated w ith bovine 16-cell em bryos, (C)
2-cell m ouse em bryos (n=41) alone to serve as the control (Table 12).
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Figure 7. Activation of bovine oocytes
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Table 12. Experimental design (Experiment I)
2-Cell mouse
Trt
embryos
(n)
A
B
C

+
+
+

41
41
41

A ggre
gation
+
+
+

W hitten's 8-Cell m ouse
m edium
embryos
+
+
+

16-Cell bovine
em bryos

+
+
-
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Aggregation Procedure
The zona pellucida o f mouse and bovine embryos was softened w ith acidic
Tyrode's solution (pH o f 2.5) and then subsequently rem oved by treatm ent w ith .25%
pronase PBS solution for 5 minutes.

The 8-cell m ouse em bryos and 16-cell bovine

em bryos were then labeled with FITC-dextran by culturing in 500 pg/m l FITC-dextran
in PBS m edium with 4 m g/m l polyvinylpyrrolidone (PVP, Sigma) at 37°C for 30
minutes (Ziom ek and Johnson, 1982).

Early 2-cell m ouse em bryos were manually

paired to and then aggregated with FITC-labelled 8-cell m ouse or 16-cell bovine
em bryos

in

PBS

m edium

supplem ented

phytohem agglutinin (PHA, Sigma).

with

10%

FBS

and

10

pg/ml

The pairs o f aggregated em bryos were then

transferred into a m icrodroplet o f 10 pi o f 1% agarose gel in Ca2+ and M g2+-free PBS
m edium and each m icrodroplet contained one pair o f aggregated embryos.

The

m icrodroplet o f 1% agarose gel was then solidified by adding 2 pi 1% CaCl.
The solidified m icrochips o f agarose gel with the aggregated em bryos were
washed thoroughly w ith fresh PBS medium with 10% FBS im m ediately after the gel
solidification and then cultured in m icrodroplets o f 50 pi o f W hitten' m edium at 39°C in
5% C 0 2 in an atm osphere o f hum idified air for 3 days. The developm ent o f the embryos
was evaluated at the end o f the culture period under a N ikon inverted m icroscope
equipped with an ultraviolet light source.

The em bryos derived from post-block

em bryos were identified by illum ination with fluorescence light.
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Experiment II. Development of Parthenogenetic Bovine Chimeras
To evaluate the effect o f blastomeric interaction on the developm ent o f pre-block
parthenogenetic

bovine embryos,

IVF-derived

8-cell

bovine blastomeres

were

m icroinjected into diploid 8-cell bovine parthenogenetic embryos to m ake chim eric
parthenogenetic bovine embryos. The intact 8-cell IVF-derived bovine embryos
(Treatm ent A, n=36) and intact 8-cell parthenogenetic bovine embryos (Treatm ent E,
n=36) subjected to the same m icromanipulation procedure were used as the IVF embryo
control and the parthenogenetic embryo control respectively.

Three categories o f

parthenogenetic /IVF chim eric bovine embryos were constructed in the following
treatm ents: (B) chimeric embryos with 6 IVF-derived and 2 parthenogenetic bovine
blastom eres (n=36), (C) chimeric embryos with 4 IVF-derived and 4 parthenogenetic
blastom eres

(n=36),

and

(D)

chim eric

embryos

with

2

IVF-derived

and

6

parthenogenetic blastomeres (n=36) (Table 13).

Experiment III. Effect of Cell Cycle Dysynchronization on Development of
Chimeras
To test if synchronization in cell cycle between IVF-derived and parthenogenetic
bovine blastom eres was necessary for the stim ulatory effect o f the IVF-derived
blastom eres, parthenogenetic and IVF-derived blastomeres at different developm ental
stages were combined to construct two categories o f chim eric embryos: (B) chim eric
em bryos com posed o f 2/4-1 VF-derived and 4/8-parthenogenetic blastom eres, and (C)
chim eras composed o f 4/8-IVF-derived and 8/16-parthenogenetic blastomeres (Table
14).

Intact 8-cell parthenogenetic bovine embryos (Treatm ent A, n=40) and intact

16-cell parthenogenetic bovine embryos (Treatment D, n=40) were used as the controls.
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Table 13. Experimental design (Experiment II)

Trt

(n)

IVF-derived
blastomere

Parthogenetic
blastomere

TCM -199
m edium

A
B
C
D
E

36
36
36
36
36

8/8
6/8
4/8
2/8
-

_

+
+
+
+
+

2/8
4/8
6/8
8/8
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Table 14. Experimental design (Experiment III)

Trt

(n)

A
B
C
D

40
40
40
40

IVF-derived
blastomere
-

2/4
4/8
-

Parthogenetic
blastomere

TCM -199
m edium

8/8
4/8
8/16
16/16

+
+
+
+
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Micromanipulation Procedure
The zona pellucida o f IVF-derived bovine em bryos was rem oved by the
treatm ent o f acidic Tyrode's solution and subsequent treatm ent with .25% pronase in
serum -free PBS. The bovine embryos were then separated into single blastom eres by
gently pipetting the zona-free embryos through a fine glass pipette (40 pm in diameter).
M icrom anipulation was conducted in a m icrodroplet o f 10 pi PBS m edium with 10%
FBS and 10 pg/m l cytochalsin B (Sigma) with a pair o f Letiz m anipulator units and a
N ikon inverted m icroscope (20X and 40X objectives). W hile a parthenogenetic embryo
was held by a heat-polished, glass holding pipette (80 pm in diam eter) via negative
pressure, IVF-derived bovine blastomeres were m icroinjected into the perivitelline space
o f the parthenogenetic embryo with an injection pipette (20 pm in diam eter). Some o f
the parthenogenetic blastomeres were subsequently removed after the m icroinjection by
using the same injection pipette.

Culture of Parthenogenetic Chimeric Embryos
The m anipulated embryos were carefully washed three tim es w ith fresh PBS and
then cultured on a bovine granulosa cell m onolayer in m icrodroplets o f 100 pi TCM -199
m edium supplem ented with 10% FBS (covered with mineral oil equilibrated with 5%
C 0 2) in an atm osphere o f 5% C 0 2 in hum idified air for 4 days. The m edium o f the
droplets was changed at a 48-hour interval and the embryo developm ent was evaluated
at the end o f the culture interval under a N ikon inverted m icroscope (20X and 40X
objectives). Good quality chimeric morulae and blastocysts (n=40) were transferred into
the uteri o f day-6 to 7 recipient cows at the end o f the culture interval.
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Statistical Evaluation
Chi-square statistical analysis was used to determine the difference in the embryo
developm ental rates am ong the treatm ents in each experiment.
RESULTS

Experiment I. Development o f 2-Cell Mouse Embryos in Aggregates
There were no significant differences in the developm ental rates at 4-cell stage
am ong the early 2-cell m ouse embryos aggregated with 8-cell m ouse embryos
(Treatm ent A, 76%), aggregated with 16-cell bovine em bryos (Treatm ent B, 66% ) and
those in the control treatm ent (Treatm ent C, 63%) (Table 15), nor were any significant
differences in the developm ental rates at the 8-cell stage among Treatm ents A, B and C
(61%, 56% and 44% , respectively). The developm ental rates at the m orula stage were
not significantly different am ong Treatments A, B and C (54%, 49% and 41,
respectively).

There were no significant differences in the developm ental rates at the

blastocyst stage am ong Treatm ents A, B and C (54%, 44% and 34%) (Figure 8).

Experiment II. Development of Parthenogenetic Bovine Chimeras
A t the end o f the 4-day culture interval, significantly more chim eric em bryos in
Treatm ents B and C developed to m orula or blastocyst stage than those in Treatm ent D
(81% and 89% vs. 28% ) (Table 16).

The developm ental rate to the m orula and

blastocyst stages o f the chim eric embryos composed o f 4 (Treatm ent C) or m ore than 4
IVF-derived blastom eres (Treatm ent B) was sim ilar to that o f the intact IVF-derived
em bryo control (78% , Treatm ent A) and was greater than that o f the intact
parthenogenetic embryo control (11%, Treatm ent E). The chim eric em bryos com posed

Table 15 . Development of 2-cell mouse embryos aggregated with
post-block mouse or bovine embryos

Trt
A
B
C

(n)
M 2/M 8
M 2/B16
M2

41
41
41

4-Cell
(%)
31 (76% )a
27(66% )a
26(63% )a

8-Cell
(%)

M orula
(%)

Blastocyst
(%)

25(6 l% )a 22(54% )a 22(54% ) “
30(56% )a 20(49% )a 1 8 (4 4 % )“
18(44% )“ 17(41%)' 14(34%) “

a'b D ifferen t superscripts w ithin the sam e group are sig n ifica n tly different (P < .0 5 ).
M 2 /M 8 = 2 -c e ll m ou se em bryos aggregated w ith 8 -c ell m ou se em bryos, M 2 /B 1 6 = 2 -c e ll
m o u se em b ryos aggregated w ith 16-cell b ovin e em bryos, M 2 = 2 -c ell m ou se em bryos
a lo n e as the control.

U M2/M8
B M 2 /B 1 6
□ M2
(n = 41/grou p )

B lastocyst

Developmental Stage
a no sig n ifica n t d ifferen ce am on g the treatm ents w ithin the sam e group (P > .0 5 ).
M 2 /M 8 = 2 -c e ll m o u se em b ryos aggregated w ith 8 -c ell m ou se em b ryos, M 2 /B 1 6 = 2 -c e ll m ouse em bryos
aggregated w ith 16-cell b ovin e em b ryos, M 2 = 2 -c ell m ouse em b ryos alo n e as the control.

Figure 8. Development of 2-cell mouse embryos aggregated with post-block
mouse or bovine embryos.
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Table 16. Development of bovine parthenogenetic chimeric embryos
Development

Com position

Trt
A
B
C
D
E
a,b

n
36
36
36
36
36

IVF
BLSM

Partho
BLSM

8/8
6/8
4/8
2/8

_

-

2/8
4/8
6/8
8/8

<16 Cell
(O/.

8(22%)
7(19% )a
4(1 l% ) a
26(72%)b
42(89% ) b

M orula/BLST
( 0/.

28(78% )
29(8 l% ) a
32(89% )a
10(28% )b
4(11% ) b

D ifferent superscripts w ithin the sam e group are sign ifican tly different (P < .0 5 ).

IVF B L S M = IV F -d erived blastom eres, Partho B L S M = parthenogenetic blastom ere, B L S T = b lastocyst.
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o f 2 IVF-derived and 6 parthenogenetic blastomeres had a lower developm ental rate than
the intact IVF-derived embryo control but still had a greater developm ental rate to the
m orula and blastocyst stages than the intact parthenogenetic embryo control (11%,
Treatm ent E).

Experiment III. Effect of Cell Cycle Dysynchronization on Development of
Chimeras
There was no significant difference in the developm ental rates to the m orula and
blastocyst stages between the chim eric embryos com posed o f 2/4-IVF-derived and
4/8-parthenogenetic blastom eres in Treatment B and those com posed o f 4/8-IVF-derived
and 8/16-parthenogenetic blastomeres in Treatm ent C (60% and 65%) (Table 17). The
developm ental rate o f the chimeric embryos in Treatm ent B was greater than that o f the
intact 8-cell parthenogenetic control embryos (10%, Treatm ent A). The developm ental
rate o f the chimeric embryos in Treatm ent C was greater than that o f the intact 16-cell
parthenogenetic control em bryos (15%, Treatm ent D).

Development of Chimeric Parthenogenetic Embryos after Transfer
Chim eric parthenogenetic m orulae and blastocysts (n=40) were transferred to 14
naturally synchronized recipient cows at the end o f the culture. Three o f the recipients
were pregnant at ultrasonic exam ination at 45 to 60 days after the recipient transfer.
Two o f the pregnancies had discernible heart beats; one was possibly dead. Two o f the
pregnancies were derived from chimeric embryos com posed o f 4/8-IVF-derived and
4/8-parthenogenetic blastomeres and a third pregnancy was derived from chimeric
em bryos w ith 2/4-IVF-derived and 4/8-parthenogenetic blastom eres; The latter animal is
now six m onths pregnant.

98

Table 17. Development o f bovine parthenogenetic chimeric embryos
Com position

Trt

(n)

A

40
40
40
40

B

c
D

IVF
BLSM

Partho
BLSM

2/4
4/8
-

8/8
4/8
8/16
16/16

Development
<16 Cell
(%)
36(90% )a
16(40% )b
14(35% )b
34(85% )a

M orula/BLST
(%)
4 (1 0 % )8
24 (6 0 % )b
26(65% ) b
6 (1 5 % )a

’ D ifferent superscripts w ithin the sam e group are sign ifican tly different (P < .05).
IV F B L S M = IV F -d erived b lastom ere, Partho B L S M = parthenogenetic blastom ere, B L S T = b lastocyst.

DISCUSSION
The cause o f poor in vitro developm ent o f preim plantation parthenogenetic
bovine em bryos (Presicce and Yang, 1994; Goto et a l., 1994; Aoyagi et al., 1994) is
unclear.

In mice, diploid parthenogenetic embryos readily develop to the blastocyst

stage in vitro but their postim plantation developm ent is lim ited (Kaufm an et al., 1977;
Surani and Barton, 1983; Norris et al., 1990).

It has been proposed that genomic

imprinting during gametogenesis may be responsible for the limited developm ental
capacity o f the parthenogenetic m ouse embryos (Barton et al., 1984; Surani et al., 1990).
It is unclear if the genomic imprinting also plays a role in the limited developm ental
capacity o f parthenogenetic bovine embryos.
The results in this study indicate that the fertilized bovine blastom eres were able
to stim ulate the developm ent o f parthenogenetic blastomeres in chim eras and this
stim ulatory effect could take place as early as the 16-cell stage o f preim plantation
developm ent.

Furthermore, the number o f fertilized blastomeres in the chimeric

em bryos was directly related to the developmental capacity o f the bovine chim eric
embryos. Four or more fertilized bovine blastomeres were apparently needed to restore
the in vitro developmental capacity o f the parthenogenetic bovine em bryos to the level
o f the in vitro fertilized embryos. It was noted that 2 fertilized blastomeres were capable
o f partially enhancing the developm ent o f the chimeric parthenogenetic embryos. The
pregnancies from the transferred chimeric parthenogenetic embryos imply that these
em bryos were developm entally competent.
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It is unknown, at present, how the stimulatory effect o f the fertilized bovine
blastom eres was mediated.

The growth factors produced by the fertilized bovine

blastom eres (W atson et al., 1992) m ight have played a role in the enhanced developm ent
o f the chim eric parthenogenetic bovine embryos in the present study.

However, the

results in this study indicate that the post-block m ouse and bovine embryos were unable
to significantly enhance the developm ent o f pre-block 2-cell m ouse embryos that were in
close contact. Thus, it seem s unlikely that the growth factors produced by the fertilized
bovine blastom eres were the m ajor mediators in the enhanced developm ent o f the
parthenogenetic bovine blastom eres. The aggregated pre-block and post-block embryos
formed two individual em bryos in closely contact, instead o f integrating into a single
w hole chim eric embryo.

The difference in the developmental stage and species

specificity between the pre-block and post-block embryos m ight prohibit the form ation
o f intercellular junctions and prevent their integration (Ducibella and Anderson, 1975;
M agnuson et al., 1977; Flem ing et al., 1989).
The intercellular junctions m ight also have played a role in the enhanced
developm ent o f the chimeric parthenogenetic bovine em bryos in this study and m ight be
the m ajor m ediator (Ducibella et al., 1975). In mice, the preim plantation em bryos begin
to

form

intercellular junctions

com m unication

between

at the

individual

8-cell

blastomeres

stage

and these junctions

within

the developing

allow

embryos

(Ducibella and Anderson, 1975; M agnuson et al., 1977; Lo and Gilula, 1979; Fleming et
al., 1989).

Although parthenogenetic m ouse embryos are unable to develop to term

(Kaufm an et al., '1977), diploid parthenogenetic mouse embryos have been shown to
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develop to adults as chimeras w ith fertilized em bryos (M cGrath and Solter, 1984; Barton
et al., 1984; Surani et al., 1984) and to produce viable germ cells in the chim eric adults
(Stevens, 1978; Anderegg and M arkert, 1986). The rescue o f the developm ent o f the
parthenogenetic em bryos by normal fertilized cells in mice occurs m ainly during
postim plantation developm ent (Surani et al., 1987; Surani et al., 1988; Thom son and
Solter,

1988,

1989). Blastomeric interaction during early preim plantation stage,

however, has been shown to be necessary for the full postim plantation developm ent of
parthenogenetic chim eric m ouse embryos (Surani et al., 1987).
The results in this study indicate that parthenogenetic bovine em bryos were
stim ulated by the fertilized bovine blastom eres over a wide range o f developm ental
stages during preim plantation development.
blastom eres

were

able

to

stimulate

the

Thus, less advanced fertilized bovine
developm ent

o f the

m ore

advanced

parthenogenetic bovine blastomeres.
From the results o f the present study we conclude that the fertilized bovine
blastom eres were able to stim ulate the developm ent o f the pre-block parthenogenetic
bovine blastom eres in chimeric embryos and that blastomere contact and interaction is
necessary for the stim ulatory effect to take place.

CHAPTER V
EFFECT OF MOUSE AND BOVINE EMBRYONIC CYTOPLASM ON THE
DEVELOPMENT OF MOUSE PRE-BLOCK STAGE EMBRYOS
INTRODUCTION
Pre-block m am m alian embryos usually cease developm ent at a specific stage
w hen cultured in vitro (Lewis, 1929; Ham mond, 1949; Pincus, 1951; W intenberger et
al., 1953; W hitten, 1956; Biggers et al., 1967; W hitten and Biggers, 1968; O num a and
Foote, 1969; Kane & Foote, 1970; Davis and Day, 1978; M arkert, 1984; Bavister, 1988;
Johnson et al., 1991). The m echanism o f the in vitro developm ental block is unclear at
present (Bavister, 1990).
The in vitro developmental block has been reported to be related with the in vitro
culture environm ent such as the level o f glucose (Schini and Bavister, 1988; Chatot et
al., 1989; Ellington et al., 1989; Downs and Dow, 1991), the level o f glutam ine
(Bavister, 1987, 1990; Chatot et al., 1989) and the altered levels o f free radicals
(Iannaccone, 1986; Loutradis et al., 1987; N oda et al., 1991) in the culture m edium. The
presence o f som atic cells and/or growth factors in the in vitro culture environm ent have
been shown to im prove the developm ent o f m am m alian embryos through the in vitro
developm ental block stage (see reviews by Heyner et al., 1993; Godke et al., 1993).
The in vitro developmental block has been reported to coincide w ith the
depletion o f em bryonic maternal substance(s) (Piko and Clegg, 1982) and the
subsequent activation o f the embryonic genome (M agnuson and Epstein, 1987),
implying a possible connection between the function o f the embryonic cytoplasm and
the in vitro developm ental block.

In mice, the in vitro developm ental block is at the
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2-cell stage (Ham m ond, 1949; W hitten, 1956; Cole and Paul, 1965) when the maternal
substance(s) o f the m ouse em bryos deplete (Bachvarova and DeLeon, 1980; Piko and
Clegg, 1982) and RN A and protein synthesis increases (W oodland and Graham, 1969;
Bernstein and M ukherjee, 1972, 1973; Van Blerkom and Brockway, 1975; Braude et al.,
1979; Howe and Solter, 1979; Flach et al., 1982; Bensaude et al., 1983; Clegg and Piko,
1983; Bolton et al., 1984). The in vitro developmental block is at 8 to 16-cell stage in
bovine em bryos (Pincus, 1951; Hafez et al., 1963; Sreenan et al., 1968; Onum a and
Foote, 1969) while RN A and protein synthesis in the bovine embryos increases at the
same stage (Frei et al., 1989; King et al., 1989).
Goddard and Pratt (1983) reported that it was the origin o f the oocyte cytoplasm
that determ ined w hether the m ouse embryos would cease developm ent at 2-cell stage in
vitro. M icroinjection o f em bryonic cytoplasm o f 1 or 2-cell embryos from "non-block"
strain o f mice has been shown to stimulate the pre-block embryos to develop through the
in vitro developm ental block stage in mice (M uggleton-Harris et al., 1982; Gulyas et al.,
1984), further indicating the involvement o f the embryonic cytoplasm in the in vitro
developm ental

block.

The

importance

of

the

embryonic

cytoplasm

during

preim plantation developm ent has also been noted in m ouse early em bryonic death
(W akasugi, 1967, 1972, 1974; Babinet et al., 1990), in the developm ent o f androgenetic
m ouse em bryos (Latham and Solter, 1991) and in the regulation o f gene expression
(Reik et al., 1993).
Thus, the objective o f this study is to evaluate the role o f the embryonic
cytoplasm in the developm ent o f the pre-block m am malian embryos through the in vitro
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developm ental block stage by introducing m ouse or bovine em bryonic cytoplasm o f
different preim plantation stages into mouse pronuclear embryos.
M ATERIALS AND METHODS

Superovulation and Collection of Mouse Embryos
Young ICR female mice o f 4 to 6 weeks-of-age were induced to superovulate by
the treatm ent with 5 IU equine chorionic gonadotropin (eCG, Sigma, St. Louis, M O) and
5 IU hum an chorionic gonadotropin (hCG, Sigma). The female mice were then mated
w ith ICR male mice after the hCG treatment. The presence o f vaginal plugs the next
m orning was used as the indication o f mating. Mouse embryos were harvested from the
oviducts o f the mated female m ice at 1 to 3 days post-m ating with phosphate-buffered
saline (PBS) supplem ented w ith 5% fetal bovine serum (FBS).

The m ouse embryos

were washed three times with fresh PBS containing 5% FBS and then m aintained in
PBS medium with 5% FBS (covered with mineral oil equilibrated with 5% C 0 2) at 37°C
in an atm osphere o f 5% C 0 2 in hum idified air before embryo m icrom anipulation.

In Vitro Maturation and Fertilization of Bovine Oocytes
Bovine ovaries were collected from a local abattoir. Cum ulus-oocyte com plexes
were harvested from the follicles o f size 3 to 8 mm in the ovaries using an 18-gauge
needle and a 10 ml syringe. Oocytes with intact cumulus cells were washed three times
w ith fresh serum-free TCM -199 and then matured in TCM -199 supplem ented w ith 10%
FBS at 39°C in an atmosphere o f 5% C 0 2 in humidified air for 22 hours. Frozen bovine
sperm cells were thawed in a warm water bath at 37°C and washed w ith Brackett and
O liphant m edium (B -0 m edium ) (Brackett and Oliphant, 1975) with 10 mM caffeine
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(Sigma). The sperm cells were recovered by centrifugation at 500g for 5 m inutes and
then treated w ith .1 pM o f calcium ionophore A-23187 (Sigma) for 1 minute
im m ediately before the fertilization.

The matured oocytes were fertilized w ith the

frozen-thawed bovine sperm cells (5 x 106/ml) in m icrodroplets o f 100 pi B -0 medium
w ith 5 m M caffeine and 1% BSA (covered with mineral oil equilibrated with 5% C 0 2)
in an atm osphere o f 5% C 0 2 in hum idified air at 39°C for 6 hours (Zhang et al., 1991).
The fertilized oocytes were washed twice with serum-free TCM -199 and then cultured in
TCM -199 supplem ented with 10% FBS at 39°C in an atm osphere o f 5% C 0 2 in
hum idified air for 2 days before the micromanipulation.

Blastomere Separation
The zona pellucida o f m ouse or bovine embryos was removed by the treatm ent
o f acidic Tyrode's solution (pH 2.5) followed by a treatm ent o f .25% pronase in PBS
m edium. The zona-free em bryos were then cultured in Ca2+ and M g2+-free PBS m edium
with 10% FBS at 39°C in an atm osphere o f 5% CO, in hum idified air for 30 m inutes. At
the end o f the incubation, a fine glass pipette (30 pm in diam eter) was used to gently
pipette the zona-free embryos to facilitate blastomere separation.

The isolated single

blastom eres were washed twice with PBS medium with 10% FBS and then m aintained
in PBS m edium supplem ented with 10% FBS (covered with mineral oil equilibrated
w ith 5% C 0 2) at 37°C in an atmosphere o f 5% C 0 2 in hum idified air before the
m icrom anipulation.
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Transfer of Cytoplasm
The transfer o f the cytoplasm o f m ouse and bovine blastom eres was conducted in
a droplet o f 10 pi PBS medium with 10% FBS and 10 pg/m l cytochalsin B (Sigm a) with
two Letiz m anipulator units under a Nikon inverted m icroscope (20X and 40X
objectives) (Figure 9). A m ouse pronuclear embryo was held by a glass holding pipette
using negative pressure. Another fine beveled injection pipette (20 pm in diam eter) was
used to aspirate a portion (150 to 200 picoliter) o f the cytoplasm from an isolated m ouse
or bovine blastomere.

The injection pipette with the aspirated cytoplasm w ith its

m em brane (cytoplast) was pushed through the zona pellucida o f the m ouse pronuclear
em bryo and the cytoplast was deposited into the perivitelline space o f the m ouse
pronuclear embryo. The m ouse pronuclear embryo with the cytoplast was transferred
into fresh PBS m edium with 10% FBS.
The cytoplast was fused with the mouse pronuclear embryo by electrofusion. An
alternating current o f 5 volts for 5 seconds and two direct currents o f 100 kV /cm o f 90
m illisecond (1 minute apart) were directed into the mouse pronuclear em bryo to induce
m em brane fusion.

The mouse embryos after the electrofusion procedure were

transferred into PBS medium with 10% FBS and 10 pg/m l cytochalsin B and m aintained
at 37°C in an atm osphere o f 5% C 0 2 in hum idified air for 30 to 60 m inutes.

The

em bryos were then evaluated for signs o f membrane fusion with a N ikon inverted
m icroscope (20X and 40X objectives). The embryos showing m em brane fusion were
w ashed with fresh serum-free PBS five tim es (1 minute per wash) and then transferred
into the m icrodroplets o f W hitten's medium.
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Figure 9. Construction of cytoplasmic chimera
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Embryo Culture
The fused mouse pronuclear embryos were cultured at 37°C in m icrodroplets o f
20 pi W hitten's medium covered with mineral oil equilibrated with 5% C 0 2.

All

experim ents were incubated in an atmosphere o f 5% C 0 2 in hum idified air for 4 days.
Each m icrodroplet contained 5 to 10 m icromanipulated embryos. H alf o f the medium
was replaced with fresh W hitten's medium at 48-hour intervals. The developm ent o f the
m icrom anipulated embryos was evaluated at a 48-hour interval and at the end o f the
4-day culture interval with a N ikon inverted microscope (20X and 40X objectives).

Experiment I. Effect of Mouse Cytoplasm on Mouse Pronuclear Embryo
Development
To evaluate the role o f mouse embryonic cytoplasm, the cytoplasm aspirated
from 1-cell mouse embryos (Treatment A, n=34), early 2-cell m ouse blastom eres
(Treatm ent B, n=34) or 8-cell mouse blastomeres (Treatment C, n=34) was introduced
into m ouse pronuclear embryos (Table 18). The m icrom anipulated m ouse pronuclear
em bryos were cultured in W hitten's medium at 37°C in an atm osphere o f 5% C 0 2 in
hum idified air for 4 days. The developm ent o f the manipulated em bryos was evaluated
at the end o f the culture period.

Experiment II. Effect of Bovine Cytoplasm on In Vitro Development o f Mouse
Embryos
To

evaluate

the

effect

of

bovine

embryonic

cytoplasm

of

different

preim plantation stages on the developm ent o f m ouse pronuclear zygotes, cytoplasm
aspirated from bovine unfertilized oocytes (UFO) (Treatm ent A, n=52), 1 to 2-cell
bovine blastom eres (Treatm ent B, n=55), or 8- to 16-cell bovine blastom eres (Treatm ent
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Table 18. Experimental design (Experiment I)

Trt
A
B
C

Stage o f
cytoplasm
1-Cell
2-Cell
8-Cell

(n)

Pronuclear
mouse embryo

Electro
-fusion

W hitten's
m edium

34
34
34

+
+
+

+
+
+

+
+
+
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C, n=60) were introduced into m ouse pronuclear zygotes (Table 19).

The m ouse

pronuclear embryos exposed to the same micromanipulation procedure were used to
serve as the control (Treatm ent D, n=54). The manipulated mouse pronuclear embryos
were cultured in W hitten's m edium at 37°C in an atmosphere o f 5% C 0 2 in hum idified
air for 4 days and the developm ent o f the mouse embryos was evaluated for
m orphological developm ent at the end o f this culture period.

Experiment III. Effect o f Bovine Nuclei on Development of Mouse Embryos
To test the effect o f both bovine cytoplasm and a nucleus on the developm ent o f
m ouse pronuclear embryos, 16 to 32-cell bovine cytoplasm (Treatm ent A, n=30) or 16 to
32-cell bovine cytoplasm with a nucleus (Treatment B, n=30) was introduced into mouse
pronuclear embryos (Table 20). The m ouse pronuclear embryos exposed to the same
m icrom anipulation procedure were used as a control (Treatm ent C, n=30).

The

m anipulated mouse embryos were cultured at 37°C in an atm osphere o f 5% C 0 2 in
hum idified air for 48 hours.

Experiment IV. In Vivo Development of Mouse Pronuclear Embryos Fused with
Bovine Cytoplasm and/or a Nuclei
To evaluate the effect o f bovine embryonic cytoplasm on the in vivo
developm ent o f m ouse pronuclear embryos, the mouse pronuclear em bryos were fused
with either 16-cell bovine cytoplasm with a nucleus (karyoblast) (Treatm ent A, n=16),
1-cell bovine cytoplasm (Treatm ent B, n=16) or 16-cell bovine cytoplasm (Treatm ent C,
n=16) (Table 21).

The m anipulated mouse embryos were then transferred into the

oviducts o f day-1 pseudopregnant mice immediately after the m icrom anipulation. The
m ouse pronuclear embryos subjected to the same m icrom anipulation procedure were
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Table 19. Experimental design (Experiment II)

Trt

Stage o f
cytoplasm

A
B
C
D

UFO
1 or 2-Cell
8 to 16-Cell
Control

(n)

Pronuclear
m ouse embryo

Electro
-fusion

W hitten's
m edium

52
55
60
54

+
+
+
+

+
+
+
+

4~
+
+
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Table 20. Experimental design (Experiment III)
Bovine
Trt cytoplasm
A
B
C

16 to 32-Cell
16 to 32-Cell
Control

Bovine
nucleus
_

+
-

(n)

Pronuclear
m ouse embryo

Electro
-fusion

W hitten's
medium

30
30
30

+
+
+

+
+
+

+
+
+
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Table 21. Experimental design (Experiment IV)
Bovine
Bovine
Trt cytoplasm nucleus
A
B
C
D

16-Cell
1-Cell
16-Cell
Control

+
-

-

(n)

Pronuclear
m ouse embryo

Electro
-fusion

In vivo
incubation

16
16
16
16

+
+
+
+

+
+
+
+

+
+
+
+
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also transferred into recipients to serve as the control (treatm ent D, n=16). The m ouse
em bryos were allowed to develop in vivo for 3 days and then recovered from the uteri o f
the recipient mice at the end o f the in vivo incubation interval.

Statistical Evaluation
Chi-square statistical analysis was used to determ ine the difference in embryo
developm ent among the treatm ent groups in each experiment.
RESULTS

Experiment I. Effect of Mouse Cytoplasm on Mouse Embryo Development
There was no significant difference in the developm ental rates at the 2-cell stage
betw een the m ouse em bryos fused w ith 1-cell m ouse cytoplasm in Treatm ent A and
those fused with 8-cell m ouse cytoplasm in Treatm ent C (91% and 82%) (Table 22).
However, significantly few er (21% ) m ouse pronuclear em bryos fused with 2-cell m ouse
cytoplasm in Treatm ent B developed to 2-cell stage than those in Treatm ents A and C
(P<.05).

The developm ental rates at the 4-cell and 8-cell stage betw een the m ouse

pronuclear embryos in Treatm ents A and C were not significantly different but were
both significantly greater than that o f the m ouse pronuclear em bryos in Treatm ent B
(44% and 44% vs. 6%, 27% and 32% vs. 0%, respectively) (Figure 10). N one o f the
m ouse pronuclear em bryos in Treatm ent B developed to or beyond the 8-cell stage while
12% o f the em bryos in Treatm ent A and 21% in Treatm ent C developed to the m orula
stage and 9% o f the em bryos in Treatm ent A and 18% o f the em bryos in Treatm ent C
developed to the blastocyst stage.
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Table 22. In vitro development o f mouse pronuclear embryos fused with
mouse embryonic cytoplasm

Trt

Stage o f
cytoplasm (n)

A
B
C

1-Cell
2-Cell
8-Cell

34
34
34

2-Cell

4-Cell

8-Cell

(%)

(%)

(%)

31(91% )a 15(44% )a
7(21 % )b 2(6%) b
28(82% ) a 15(44%) a

M orula
(%)

Blastocyst
(%)

9(27%) a 4 (12% )a
0(0%) b 0(0%) b
11 (32%) a 7(21%) a

a,b D ifferent superscripts w ithin the sam e group are sign ifican tly different (P < .0 5 ).

3(9% )ab
0(0% ) b
6(18% ) a
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Developmental Stage
a-bD ifferent superscripts w ithin the sam e group are sign ifican tly different (P < .0 5 ).

Figure 10. In vitro development of mouse pronuclear embryos fused with mouse
embryonic cytoplasm.
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Experiment II. Effect of Bovine Cytoplasm on In Vitro Development of Mouse
Embryos
There was no significant difference in the developmental rates at the 2-cell stage
am ong the m ouse pronuclear embryos fused with either UFO bovine cytoplasm in
Treatm ent A, 1 or 2-cell bovine cytoplasm in Treatment B, 8 to 16-cell bovine
cytoplasm in Treatm ent C or those in the control groups in Treatm ent D (62%, 64%,
70% and 56%) (Table 23).

However, there was a significant difference in the

developm ental rates at the 4-cell stage am ong treatm ent groups.

Significantly fewer

m ouse pronuclear embryos in Treatments A and B developed to the 4-cell stage than
those in the control group (treatm ent D) (4% and 2% v.v. 27%).

But the developm ental

rate o f the m ouse pronuclear embryos in Treatm ent C was significantly greater than that
o f the m ouse embryos in Treatm ent D (41% vs. 27%). At the 8-cell stage, there was no
significant difference among the mouse em bryos among Treatments A, B and D (2%,
2% and 0%).

The developm ental rate o f the m ouse embryos in Treatm ent C was

significantly greater than that o f the embryos in Treatm ent D (32% v.v. 0%). None o f the
m ouse pronuclear embryos in Treatments A, B and D developed to the blastocyst stage
com pared with 7% in Treatm ent C (Figure 11).

Experiment III. Effect of Bovine Nuclei on Development of Mouse Embryos
There was no significant difference in the developmental rates at the 2-cell stage
am ong the m ouse pronuclear em bryos fused with either 16 to 32-cell bovine cytoplasm
in Treatm ent A, 16 to 32-cell bovine cytoplasm with a nucleus in Treatm ent B and those
in the control groups in Treatm ent C (67%, 57% and 63%) (Table 24). There was no
significant difference in the developm ental rates at the 4-cell stage between the m ouse
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Table 23. In vitro development of mouse pronuclear embryos fused with
bovine embryonic cytoplasm

Trt

Stage o f
cytoplasm

(n)

2-Cell
(%)

A
B
C
D

UFO
1 or 2-Cell
8 to 16-Cell
Control

52
55
60
54

32(62% )a
35(64% )a
43(72% )a
30(56% )a

4-Cell
(%)
2(4% )a
1(2% )a
25(42% )b
9 (27% )c

8-Cell
(%)
l(2 % )a
1(2 % ) ;
14(23%)
0 (0 % )8

d C D ifferent superscripts w ithin the sam e group are sig n ifica n tly different (P < .0 5 ).

B lastocyst
(%)
0(0% )8
0 (0 % )8
4 (7 % )8
0 (0 % )8
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Developmental Rate (%)
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60

□
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□

Sham control (n= 54)

40
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a

a
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a"L D ifferent su perscripts w ith in the sam e group are sig n ifica n tly different (P < .0 5 ).

Figure 11. In vitro development of mouse pronuclear embryos fused with bovine
embryonic cytoplasm.
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Table 24. In vitro development of mouse pronuclear embryos fused with
bovine cytoplasm with or without a nucleus

Trt

Cytoplasm
(16-32 cell)

Nucleus
(16-32 cell)

(n)

A
B
C

+
+
-

+
-

30
30
30

2-Cell
(%)

4-Cell
(%)

20(67% )a 8 (27% )a
17(57% )a 2(7% ) b
19(63% )a 8 (2 7 % )a

8-Cell
(%)
l(3 % )a
0(0% )a
0 (0 % )a

a’b D ifferen t superscripts w ithin the sam e group are sign ifican tly different (P < .05).
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pronuclear em bryos in Treatm ents A and C (27% and 27%).

However, significantly

fewer (7%) m ouse pronuclear embryos in Treatm ent B reached the 4-cell stage than
those in Treatm ents A and C.

None o f the m ouse embryos in Treatm ents B and C

reached the blastocyst stage com pared with 3% in Treatm ent A (Figure 12).

Experiment IV. In Vivo Development of Mouse Pronuclear Embryos Fused with
Bovine Cytoplasm and/or a Nuclei
At the end o f 3 days o f in vivo incubation, 6 o f 16 (38% ) o f the transferred m ouse
pronuclear embryos were recovered from the recipient mice in Treatm ent A, 10 o f 16
(63%) in Treatm ent B, 16 o f 16 (100%) in Treatm ents C and D (Table 25). Significantly
fewer (66%) recovered m ouse pronuclear em bryos fused with 16-cell bovine cytoplasm
with a nucleus in Treatm ent A developed to the 2-cell stage than those fused with 16-cell
bovine cytoplasm in Treatm ent C (100%) or those in the control groups in Treatm ent D
(100%).

At the 4-cell stage, the developm ental rate o f the m ouse em bryos in Treatm ent

A was significantly lower than those o f the m ouse em bryos in Treatm ents C and D (33%
v.v. 88% and 94%), but not significantly different from that o f mouse pronuclear em bryos
in Treatm ent B (60%).

N one o f the m ouse em bryos in Treatm ent A reached the 8-cell

stage. Significantly few er m ouse pronuclear em bryos in Treatm ent B developed to the
8-cell stage than those in Treatm ents C and D (50% v.v. 88% and 94%). Significantly
more m ouse em bryos in Treatm ents C (81%) and D (88%) developed to the m orula
stage than those in Treatm ent B (20%) (Figure 13). None o f the m ouse em bryos in
Treatm ent B reached the blastocyst stage compared w ith 56% in Treatm ent C and 75%
in Treatm ent D.

122

80
16 to 3 2 -c ell cytop last

Developmental Rate (%)

70

H U

16 to 3 2 -c ell karyoplast

□

Sham control

60
(n= 30/grou p )
50

40

30

20
10
a

a

0
2 -C e ll

4 -c e ll

8 -C e ll

Developm ental Stage
a,bD ifferen t superscripts w ith in th e sam e group are sig n ifica n tly different (P < .05).

Figure 12. In vitro development of mouse pronuclear embryos fused with bovine
cytoplasm with/without a nucleus.
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Table 25. In vivo development of mouse pronuclear embryos fused with bovine
embryonic cytoplasm at day-3 of gestation
Stage o f
Recovered/
Trt cytoplasm Transferred
A
B
C
D
a-c

16-Cell
1-Cell
16-Cell
Control

6/16
10/16
16/16
16/16

2-Cell
(%)
4(66% ) “
8(8 0 % )ab
16( 100% )b
16(100%) b

4-Cell
(0//°)

8-Cell
(0//°)

2(33%)a
0 (0 % )3
6(60% )ab 5 (5 0 % )b
14(88%)bc 14(88% )c
15(94%)c 15(94% )c

M orula
(0/°)

Blastocyst
(0//°)

0(0 % )3
2 (20% )a
13(81 %)b
14(88% )b

D ifferen t superscripts w ithin the sam e group are sign ifican tly different (P < .0 5 ).

0(0% )a
0(0% )a
9(5 6 % )b
12(75% )b
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Figure 13. In vivo development of mouse pronuclear embryos fused with bovine
embryonic cytoplasm at day-3 o f gestation.
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In Vitro Differentiation of Mouse Blastocysts with Bovine Cytoplasm
Tw o blastocysts derived from the in vivo incubation o f m ouse pronuclear
em bryos fused with 16-cell bovine cytoplasm were cultured on a bovine granulosa cell
m onolayer in TCM -199 supplem ented with 10% FBS at 37°C in an atm osphere o f 5%
C 0 2 in hum idified air. Both blastocysts hatched from the zona pellucida and attached to
the granulosa cell m onolayer 24 hours later.

A distinguishable inner cell m ass was

observed in the center o f the trophoblastic cell m onolayer in both hatched embryos. No
further differentiation was observed in subsequent culture for 120 hours.

Postimplantation Development of Mouse Embryos Fused with Bovine Cytoplasm
A total o f 94 m ouse pronuclear em bryos fused with 16-cell bovine cytoplasm
were transferred into 6 pseudopregnant female mice at day-1 post copulation (12 to 19
m anipulated embryos per recipient) and were recovered at days 5, 9, 12 and 15 o f
gestation, or allowed to develop to term (Table 26).

Ten egg-cylinder-stage m ouse

em bryos were recovered at day-5 o f gestation from one o f the recipients transferred with
16 m anipulated m ouse embryos. Nine decidual-reaction sites were detected at day-9 o f
gestation in the uterus o f one o f the recipients with 16 manipulated embryos transferred
and in another recipient with 12 m anipulated em bryos transferred at d ay -12 o f gestation
at necropsy.
No embryonic tissues or embryo-induced reaction was identified in the uterus o f
the recipient (num ber o f em bryos transferred = 19) examined at day-15 o f gestation.
N ecropsy revealed neither em bryonic tissues nor embryo-induced reactions in the uterus
o f the recipient (num ber o f em bryos transferred = 15) examined at day-24 o f gestation.
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Table 26. Effect of bovine 16-cell stage cytoplasm on the post-implantation
development of mouse embryos

Recipient
No.
No.
No.
No.
No.
No.

1
2
3
4
5
6

No. o f embryos
transferred

Day o f gestation
at recovery

16
16
12
19
16
15

5
9
12
15
24
24

In vivo developm ent
10 egg-cylinder em bryos
9 decidual reaction sites
9 decidual reaction sites
no response
3 em bryo-like structures
no response
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One o f recipient m ouse (num ber o f transferred embryos = 1 6 ) appeared to be pregnant
on d a y -14 o f gestation, but did not give birth to offspring up to 24 days after the transfer.
N ecropsy revealed 3 em bryo-like structures in her uterus.

After the m em brane was

rem oved, no fetus was found inside these em bryo-like structures.
DISCUSSION
Pre-block m ouse and bovine embryonic cytoplasm significantly reduced the in
vitro developm ental rates o f mouse pronuclear embryos in the present study.

The

inhibitory effect o f the pre-block embryonic cytoplasm is likely caused by the maternal
factors in the pre-block em bryos (Bernstein and M ukherje, 1972, 1973; Dyban et al.,
1988). The disappearance o f the inhibitory effect o f the embryonic cytoplasm at the in
vitro developm ental block stage coincides with the degradation o f the maternal
substance in the m ouse cytoplasm (Flach et al., 1982; Piko and Clegg, 1982;
B achvarova and De Leon,

1982; Clegg and Piko, 1983), further implying the

involvem ent o f m aternal factors in this inhibitory effect o f the pre-block embryonic
cytoplasm.
A lthough the introduced pre-block bovine embryonic cytoplasm inhibited the
developm ent o f m ouse pronuclear embryos after 2-celi stage in the present study , it did
not affect the developm ent o f the mouse em bryos before the 2-cell stage. These results
indicate that the m ouse pronuclear embryos can endure the pre-block bovine embryonic
cytoplasm before the 2-cell stage. However, bovine embryos have a longer pre-block
stage than the m ouse em bryos (Hammond, 1949; Pincus, 1951; W hitten, 1956; Hafez et
al., 1963; Cole and Paul, 1965; Thibault, 1966; Onum a and Foote, 1969) and
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presum ably the bovine maternal substance(s) persists longer than the m ouse m aternal
substance(s) (Piko and Clegg, 1982; Bachvarova and De Leon, 1982; Frei et al., 1989;
K ing et al., 1989).

Thus, the bovine maternal substance(s) still exerted its inhibitory

effect on the m anipulated m ouse pronuclear embryos long after the m ouse m aternal
substance degraded at the 2-cell stage, preventing the developm ent o f m ouse em bryos
through the 2-cell stage. The inhibitory effect o f the pre-block bovine cytoplasm was
also demonstrated even if the m anipulated m ouse pronuclear em bryos were transferred
into recipient mice and developed in vivo.
The in vitro developm ental block in mice has been shown to be dependent on the
strains o f the mice and the m ouse pronuclear embryos from som e strains o f m ice are able
to develop to blastocysts in vitro (non-block strain) (W hitten and Biggers, 1968; Biggers
et al., 1967).

The cytoplasm from the pre-block embryos o f non-block strain o f mice

has been shown to be able to stim ulate the developm ent o f the contem porary em bryos
from block strain o f mice through the in vitro developmental block (M uggleton-H arris et
al., 1982; Gulyas et al., 1984). This result in the present study indicates that the bovine
em bryonic cytoplasm during the 8 to 16-cell stage was also able to stim ulate the
pre-block m ouse embryos to pass through the in vitro developm ental block. It is unclear
at present if the stimulatory factor in the bovine cytoplasm is the same as the factor in
the non-block strains o f mouse embryos.
The

8 to

16-cell bovine cytoplasm

did

not affect the preim plantation

developm ent o f mouse pronuclear embryos in vivo, however, the prelim inary findings
suggest that it inhibited the postim plantation developm ent o f the m anipulated m ouse
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em bryos. The developm ent o f the m ouse pronuclear em bryos fused w ith 16-cell bovine
cytoplasm w as found to be retarded shortly after implantation. It seem s that these m ouse
em bryos had a defect in developm ent shortly after implantation.

This defect in

developm ent is unlikely the result o f the absence o f ICM cells because the blastocysts
derived from these m ouse em bryos gave rise to a distinguishable inner cell m ass when
cultured on a bovine granulosa cell m onolayer in vitro.
The results dem onstrated that m ouse and bovine em bryonic cytoplasm prior to
the in vitro developm ental block stage was inhibitory to the developm ent o f m ouse
pronuclear em bryos but the em bryonic cytoplasm during or shortly after the in vitro
developm ental block stage was stimulatory. We propose that the change in the function
o f the em bryonic cytoplasm around the in vitro developm ental block stage be related to
the in vitro developm ental block.

SUMMARY AND CONCLUSION
The results from the first experiment (Chapter II) show that the intact post-block
m ouse em bryos were able to stimulate the growth o f isolated contem porary single
blastom eres in co-culture in vitro.

Significantly more isolated single 8-cell m ouse

blastom eres co-cultured with intact 8-cell m ouse embryos developed to the 8-cell stage
and form ed blastocysts than those cultured in W hitten's m edium alone. The W hitten's
m edium conditioned by the intact 8-cell mouse embryos was also able to enhance the
grow th o f the isolated 8-cell m ouse blastomeres, indicating the effect o f the intact mouse
em bryos was likely m ediated by a diffusible factor(s).
The results from series o f experiments in Chapter III show that the post-block
m ouse em bryos were able to stimulate the developm ent o f intact pre-block m ouse
em bryos in vitro.

Significantly more 2-cell m ouse embryos co-cultured w ith 8-cell

m ouse em bryos developed to the 8-cell stage than those cultured in W hitten's m edium
alone, further suggesting a paracrine activity o f later stage embryos when placed in the
same m icroenvironm ent. Furthermore, this within species stimulatory effect was also
detected in post-block bovine embryos.

Pre-block 8-cell bovine embryos co-cultured

w ith bovine blastocysts had a greater developm ental rate to the m orula and blastocyst
stages than those cultured in medium alone.

The W hitten's medium conditioned by

bovine blastocysts was also intermediate in effectiveness in stim ulating the developm ent
o f the 8-cell bovine embryos in co-culture.
The stim ulatory effect o f the post-block bovine embryos was found to be sim ilar
to the effect o f 10% fetal bovine serum. W ithout bovine blastocysts the 8-cell bovine
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em bryos cultured in W hitten's m edium had a significantly poorer developm ental rate to
the m orula or blastocyst stages than those cultured in TCM -199 supplem ented w ith 10%
fetal bovine serum.

The addition o f bovine blastocysts to the W hitten's medium

increased the developm ental rate o f the 8-cell bovine em bryos to a sim ilar level o f those
cultured in TCM -199 with 10% fetal bovine serum.

These findings suggest that the

post-block bovine em bryos m ight secrete growth factors sim ilar to those in the fetal
bovine serum into the culture m edium.
The stim ulatory effect o f the post-block m ouse and bovine em bryos on the
pre-block embryos was found not to be species specific in all the experim ents conducted.
Furtherm ore, the treatm ents using cross-species co-culture m ost often resulted in the
highest embryo developm ental rates in the present study. The 8-cell m ouse embryos
were able to stim ulate the developm ent o f pre-block bovine em bryos and were as
effective as the widely used bovine granulosa cells in supporting the developm ent o f the
pre-block bovine embryos in vitro.

The effect o f the 8-cell m ouse em bryos was

synergistic with that o f the bovine granulosa cells in enhancing the developm ent o f the
pre-block bovine embryos in vitro.

The cross-species stim ulatory effect o f the

post-block m ouse and bovine em bryos on the developm ent o f the pre-block embryos
strongly suggests a possible com m on autocrine/paracrine model involving in the
developm ent o f the m am m alian embryo through the in vitro developm ental block stage.
Sum mary

o f results

from

Chapter IV dem onstrate that isolated

bovine

blastom eres could stim ulate the developm ent o f parthenogenetic bovine blastom eres in
chim eric embryos. The developm ent o f the 8-cell parthenogenetic bovine em bryos was
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significantly

increased when fertilized 8-cell bovine blastom eres were introduced by

m icrom anipulation.

The degree o f the improvement in the developm ent o f the 8-cell

parthenogenetic bovine em bryos was apparently related to the num ber o f the fertilized
bovine blastom eres in the chim eric parthenogenetic embryos.

Four or m ore fertilized

bovine blastom eres were needed to restore the in vitro developm ental rate o f the
parthenogenetic bovine em bryos to a level sim ilar to the in vitro fertilized bovine
em bryos, while two fertilized bovine blastomeres were only partially effective.
The stim ulatory effect on parthenogenetic bovine em bryos o f bovine blastomeres
was not dependent upon the developm ental stage o f the blastomeres. Both 4-cell and
8-cell

IVF-derived

bovine

blastomeres

were

apparently

developm ent o f the parthenogenetic bovine embryos.

able

to

stim ulate

the

The parthenogenetic bovine

chim eric embryos (n=40) were found to be competent in developm ent as indicated by
the pregnancies obtained from the chim eric embryos after transfer to recipients.
The stim ulatory effect o f bovine blastomeres on the developm ent o f the
pre-block parthenogenetic bovine embryos was apparently m ediated through the
extracellular

environm ent

and

cell-to-cell

contact

and

interaction

betw een

the

blastom eres within the chim eric embryos. The intercellular junctions m ight have played
a critical role in the stim ulatory effect. The 2-cell mouse embryos, when in close contact
with a post-block m ouse or bovine embryo but without the form ation o f intercellular
junctions, failed to show an increased developmental rate, further arguing for the role o f
intercellular junction in the enhanced developm ent o f the parthenogenetic bovine
embryos.
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The results presented in Chapter V show that embryonic cytoplasm functions
differently before and after the in vitro developm ental block stage. The 2-cell mouse
cytoplasm , w hen introduced into m ouse pronuclear embryos, was inhibitory to the in
vitro developm ent, while post-block 8-cell m ouse embryonic cytoplasm did not affect
the in vitro developm ent o f m ouse pronuclear embryos cultured in vitro. The pre-block
bovine embryonic cytoplasm was also inhibitory to the in vitro developm ent o f mouse
pronuclear embryos. The inhibitory effect o f the pre-block bovine cytoplasm was also
detected when the mouse pronuclear embryos with 1 or 2-cell bovine cytoplasm were
transferred into the recipient m ice and allowed to develop in vivo. However, 8 to 16-cell
bovine cytoplasm was stim ulatory to the in vitro developm ent o f the pronuclear mouse
em bryos, implying a change in the functional status o f the bovine cytoplasm from
inhibitory to stim ulatory nature at the in vitro developm ental stage.
Based on the results in the present study, it was proposed that there is a
m aternal-derived inhibitory factor (MDIF) in the pre-block embryonic cytoplasm
preventing the pre-block em bryos from developing through the in vitro developm ental
block stage (Figure 14). The M DIF apparently degrades or changes before the in vitro
developm ental block stage and a stimulatory factor then appears.

The pre-block

em bryos are then able to continue their developm ent through the in vitro developm ental
block stage.
Blastom eric contact and interaction within the developing em bryos apparently
facilitates the developm ent o f the pre-block embryos through the in vitro developm ental
block.

The post-block m ouse and bovine embryos likely produce grow th factors or

134

Development through the in vitro developmental block stage
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Figure 14. Hypothesis of the in vitro developmental block
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m itogens to stim ulate their ow n developm ent and the developm ent o f the pre-block
em bryos through the in vitro developmental block in an autocrine and/or paracrine
manner.
Isolation and characterization o f the MDIF and the stim ulatory factor(s) will be
the ultim ate goal o f future research.

M icroinjection o f the isolated M DIF and/or the

stim ulatory factor(s) into the m ouse pronuclear embryos will provide a m ethod to further
evaluate their roles in the in vitro developmental block.
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